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EXPERIMENTAL BITUMINOUS TREATMENT 
OF SANDY-SOIL ROADS 

REPORT ON EXPERIMENTS IN SOUTH CAROLINA 

Reported by PAUL F. CRITZ, Associate Highway Engineer, United States Bureau of Public Roads 

and H. L. SLIGH, Division Engineer, South Carolina State Highway Department 

BITUMINOUS experimental road was con- 
structed in Horry County, S. C., in 1927. It is 
still in service, and the necessary maintenance 

has been such that the original construction has been 
preserved on about one-half of the project and the 
remainder has been modified only by the type of surface 
treatments applied. 

The purpose of this experiment was to obtain infor- 
mation as to practicable methods of stabilizing the 
surfaces of roads built of the local materials character- 
istic of the southeastern coastal plain. Materials such 
as clays and mineral aggregates ordinarily considered 
satisfactory for stabilizing were not economically avail- 
able and consequently bituminous materials were se- 
lected as the stabilizing agent. 

At the time this road was built little information was 
available for the guidance of the engineers in the design 
of the sections and methods of construction. Since 
these experimental sections were built, however, con- 
siderable progress has been made in the field of low-cost 
bituminous road construction, and it is interesting to 
note that all of the materials and equipment and practi- 
cally the same methods used in this experiment are in 
common use at the present time. 
A better understanding of the methods and materials 

that give greater assurance of successful construction 
today has been made possible in a large measure by 
the information obtained from experimental roads. 
The fact that much of the road work done today by 
the State of South Carolina is based upon results ob- 
tained from this experiment indicates that it has been 
of considerable value. 

ECONOMICAL METHOD OF STABILIZING SANDY SOILS NEEDED 

Various methods of bituminous treatment to improve 
low-type roads have been employed by practically every 
State. Although many different materials and methods 
have been used, the improvements may be divided 
roughly into two classes: (1) The mat type of treatment, 
which is constructed not less than 1 inch thick; and (2) 
the surface-treatment type, in which the treatment is 
usually not more than 1 inch thick. Both types 
depend, as does any flexible surface, directly upon the 
base for support. 

A wide variety of bituminous materials and agegre- 
gates have been used successfully for such work, and 
while different types of surfaces have resulted, there 
has been no special difficulty in providing a satisfactory 
surface for roads whose bases and subgrades were 
capable of supporting traffic. 

For those localities where the roads were composed of 
loosely bound soil, such as sand or mixtures of sand, silt, 
and clay that were inherently weak, the problem of 
improvement was more difficult. Such a condition is 
found in the South Atlantic coastal area in general, and 
the eastern part of South Carolina in particular. 

An appreciable mileage of the roads in this territory 
traverses relatively low, swampy areas that offer little 
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opportunity for adequate drainage of the right-of-way 
because the ground-water level in many places is approx- 
imately at the elevation of the ground surface. 

The locality these roads serve is mainly agricultural 
but pleasure resorts on the coast attract numbers of 
visitors. The traffic carried is variable in character 
and volume, ranging from fast-moving passenger cars 
to slow-moving, steel-tired vehicles carrying relatively 
heavy loads. 

The soil composing these roads is predominantly 
sand containing clay and silt in varying proportions. 
As a rule no uniformity of composition exists, with the 
result that a satisfactory surface condition is the excep- 
tion rather than the rule. The sand is composed of 
poorly graded, small-size particles. The clay possesses 
little binding power and slakes rapidly, breaking up in 
both wet and dry weather. 

The combining of sand and clay produces a material 
which crumbles and becomes excessively dusty in dry 
weather. With continued dry weather traffic quickly 
cuts into the soil until the road becomes all but im- 
passable. In wet weather water quickly softens the 
sand-clay and also causes the road to become almost 
impassable. 

The stability of the surface, therefore, is as variable 
as the composition of the road material. On a given 
day the sandier portions might be extremely loose and 
difficult to travel over, while the portions containing 
some clay would be more stable but most likely w ould 
be very dusty. On the following day, if it had rained 
and the road was very moist, the sandier portions might 
present the better surface for traffic and the areas 
abounding in clay would be sloppy and rutted. Upon 
drying, these latter areas would regain some stability 
but the sandier portions would rapidly lose the stability 
provided by the moisture they had held temporarily. 
In all weather such surfaces are difficult to maintain in 
any condition approaching smoothness. 

Obviously, the serviceability of a road of this kind is 
very limited and is not increased permanently by 
ordinary routine maintenance. In addition, the cost 
of maintenance under such conditions becomes an 
economic loss, especially when compared with the 
maintenance costs after the experimental surfaces were 
built. This later maintenance added to the permanent 
improvement of the road to such an extent that its cost 
in a large measure could be credited to betterment 
rather than to maintenance alone. 

With a considerable mileage of such roads in need of 
immediate improvement, and with a relatively small 
amount of funds available for such wor k, South Carolina 
was confronted with a problem somewhat greater than 
existed in those States where the untreated roads were 
providing a satisfactory degree of serviceability and 
where it was necessary only to design a treatment that 
would either increase or make relatively permanent their 
present serviceability. 
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VARIOUS TARS AND ASPHALTS USED ON SECTIONS OF EXPERIMENT 

Experience has shown the suitability of sand as road 
surfacing material when mixed with a satisfactory 
binder. It is also recognized that sand, properly con- 
fined, has high bearing value irrespective of its grading. 
Consequently, the problem in South Carolina was that 
of so treating the sand or mixture of sand, silt, and 
inferior clay ‘that advantage might be taken of these 
inherent qualities. 

To develop a satisfactory and economical method of 
improving these loosely bonded, sand-clay roads, the 
South Carolina State Highway Department, in co- 
operation with the Bureau of Public Roads, constructed 
an experimental highway during 1927. This highway, 
20.6 miles in length and approximately 20 feet wide, 
extends north and west from the northwest city limits 
of Conway, S. C., to Galivants Ferry, S.C. The road 
on which the experimental sections were built eee 
typical of those of the Atlantic coastal area and, 
general, was quite unsatisfactory as a highway. Boel 
tions of it, passing through low, swampy areas, were 
poorly drained. Throughout its length there existed 
combinations of sand and clay ranging from practically 
pure sand to mixtures fairly high in clay. Its behavior 
in wet and dry weather was typical of the loosely 
bound, sand-clay roads of this area whose behavior 
has already been described. 

Part of the project lies on United States Highway 
No. 701 and all of it lies on United States Highway 
No. 501, which is an arterial highway to the coast. 
During the spring and summer months it carries both 
heavy “and light, fast-moving traffic. During the crop- 
marketing seasons the main traffic is heavily loaded 
vehicles, a fair portion of which is on narrow steel tires. 

The experimental road was constructed during the 
period from May to October 1927 and was divided into 
eight experiments, some of which were subdivided into 
sections. Bituminous mats were constructed on all 
sections; some were designed to serve as wearing 
surfaces and others to serve as bases to which additional 
surface treatments were applied. Some of the sections 
were designed for machine maintenance and others 
for maintenance such as is ordinarily applied to 
macadam-like surfaces. One experimental section, a 
double-application surface treatment laid directly upon 
the sand-clay soil, was included for comparison with 
the other experimental sections of the project and also 
with similar treatments successfully applied in other 
parts of the State where the roadbed soil was believed 
more suitable for such treatment. Locations and 
descriptions of the experimental sections are shown 
in figures 1, 2, 3, and 4, which also show the extent 
and character of the various re-treatments applied. 

Both hot- and cold-application tars and asphalts 
were used in construction. The cold-application tars 
had consistencies of 8-13, 18-25, and 25-35 specific 
viscosity, Engler, at 40° C., and the hot-application tar 
had a float of 155 at 32° C. The tar of 8-13 viscosity 
was used to prime an untreated base preceding surface 
treatment; the tar of 18-25 viscosity was used as a 
binder in the mixed base and for the surface enrichment 
of the mix without the addition of a mineral cover; and 
the tar of 25-35 viscosity and the hot tar were used as 
binders with stone cover in the surface treatment of 
mixed bases. 

Two types of the cold-application asphaltic materials 
were used—rapid-curing and slow-curing materials. 
The former were various grades of asphalt cements 
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ranging in penetration from 85 to 180, cut back to low 
viscosity with a heavy naphtha distiliate. The latter 
were slow-curing, liquid asphaltic materials produced 
by different processes of refining. Both the rapid- and 
slow-curing asphaltic materials were used as binders in 
the mixed bases and for surface treatment of the mixed 
bases. When used for surface treatment, the rapid- 
curing cutbacks were used with mineral aggregate cover 
while the slow-curing oils were used only for surface 
enrichment with no mineral cover material. 

The hot-application material was an asphaltic cement 
and was used only in surface treatment with stone 
cover. All asphaltic materials came from a single 
refinery as did all tar products used in the experiments. 
Analyses of these materials are given in tables 1 and 2, 
with the exception of the slow-curing oil E and the 25-35 
viscosity tar, analyses for which are not available. 
Amounts used in each section are given in figures 1, 2, 
3, and 4, 

Crushed granite, pea gravel, sand, and treated 
material bladed from the mixed mats were used as 
cover materials. The mechanical analyses of the stone, 
eravel, and sand are given in table 3. 

BITUMINOUS MATS BUILT USING EXISTING ROAD MATERIALS 

Prior to actual construction of the experimental 
sections, the road had received the customary routine 
maintenance but little had been done in the way of 
permanent improvement. Drainage structures had 
been installed where there was considerable. run-off 
and slight fills and cuts had been made. In general 
the grade, with respect to the adjoining area, was low 
in comparison with standards of drainage and grade 
in use at the present time. 

The stationing begins at Conway and, for the purpose 
of this report, the road may be considered as extending 
east and west. References to ‘east’ or the ‘east end 
of an experiment” are therefore to be taken to mean the 
beginning of the experimental section or the end 
nearest Conway. 

The initial step in constructing the mixed base was 
preparation of the roadbed soil for treatment. This 
involved scarifying to the depth desired and pulverizing 
the loosened material with disk harrows and blade 
graders. On some sections the soil was already in 
such a loose condition that the blade grader, without 
scarifying, readily converted it into a well pulverized 
mass. As the material was loosened, it was moved to 
the roadside into windrows until the amount necessary 
for the required thickness of mat had been accumulated 
and was then spread over the full width of the road. 

After the material was evenly distributed, usually 
in half-mile units, bituminous material was applied 
with 600-gallon pressure distributors. The total 
amount of bitumen was spread in two or more applica- 
tions, and after each application a disc harrow turned 
the mixture of bitumen and soil. The object of this 
preliminary mixing was to prevent the early loss of 
light constituents of the bitumen, to protect passing 
trafic, and to prevent the accumulation of pools of 
bitumen i in depressions and wheel tracks. 

Final mixing was done by power-drawn graders which 
bladed the mixture back and forth across the road until 
it presented a homogeneous appearance. Because of 
varying composition and grading of the soil, some 
portions of the unit under construction might ‘appear 
too lean or too rich. Additional bitumen or soil was 
worked into such portions until they appeared satis- 
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EXPERIMENT-I| SECTION-A EXPERIMENT-I 

CONSTRUCTION 
SECTION-B 

CONSTRUCTION 

STA. 0+00 20 40 60 80 100 110 120 130 140 150 
a a | = 

[MIXED BASE| 2-INCH,USING 1.30 GALLONS 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 2-INCH,USING 1.30 GALLONS 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 
| PRIME | 0.18 GALLON 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 7 0.16 GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

SEAL 0.35GALLON 150-200PENETRATION ASPHALT, HOT ips 0.35 GALLON 150-200 PENETRATION ASPHALT, HOT Tapes iy 
COVER 50 POUNDS 14'— + GRANITE 50 POUNDS 14°— 4°GRANITE oS 

RE-TREATMENTS RE-TREATMENTS a : 

JULY 1927 0.50 GAL. 85-100 CB. PEA GRAVEL =F = | 
j S2 _ eerd 

1927 
=: SS ee = = 

DEC. 1928 0.24 GAL. 150-180 C.B. 20.85, 3"— L"GRANITE 
or rte Ree EE EE — ee oe a re a ee Ses — 

150- AL E r nee ocr. 1929 30-2 nF : - , par ae i 
4|25LB8S 2-4 STONE aire: 2°— L'stoNe 0.38 GAL. 150-200C.B. 30LBS. }-y STONE 
j aa Sit AR eS OI Ae IS, i OS irs Se a oe ats = 

O.48GAL 150-200C.B. 3." . ee ( niso= B. ale APR. 1930 | a eig ctpeene 0.32GAL. 150-200€.8. 4518S. 3-1" STONE 
i cNat  a ae a : pty fh htt te - rT 

ATMOS 0.31 GAL. 150-2008. gas ) REMIXED.NO OIL ADDED: SEAL,O45] J ba | 0.31 GAL. 180-200 C.8. 4018S 3"="STONE 
4085 3-7°STONE A GAL. 150-200 CB.50LBS. 1+'-2'STONE 4 Oe ee 

MAY 1932 
- a A a a a a a (I a nt aS 

MAY 1933 0.65 GAL. 85-100C. B. 60LB8S. 3~Z° STONE 0.65GAL. 85-100 C.B, 60LBS.3-7° STONE 
4 4 

‘rtr4 a Sin 

JUNE 1934 0.35GAL, 85-100C.B. 40LBS. ;-¢ STONE O35GAL 85-100 CB. 40LBS.7-4¢ STONE 
é a iy SY YP eee 

R 

e rs 

EXPERIMENT-2 SECTION-A EXPERIMENT-2 SECTION-B 

CONSTRUCTION CONSTRUCTION 
STA, 150 160 ee 180 190 200 205 

1 i= 4 4 

MIXED BASE 2-INCH, USING 2.06 GALLONS 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 2-INCH,USING 1.86 GALLONS 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

PRIME : as 

SEAL 0.33 GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 0.39 GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 
=e aE ——--—_——_{ 

COVER 40-45 POUNDS |"- 7 GRANITE 20 POUNDS PEA GRAVEL | 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 
IT III IT IT I Lo pone a or rrr > a a 

DEC. 1927 0.27 GAL. 85-100 C.B. ISLBS. SAND the 0.20 GAL, 85 ~100 C.B. 20LBS.PEA GRAVEL 
Lh het 4 aaa -4 ee t pg hig hg Aig hig hi hig Lig hg hig tp hg hig hg hig hag hip hip ig Lig hg Sig Nap La hp iprhig ip hip hg hg hap hp hap hap hig hig hig hg hp ig og hop hig ip hep hip hp oh hy hp pay) 

DEC. 1928 0.24GAL. 85-100 C.B. 20LBS. PEA GRAVEL 
pig hig hg Lag hg hy hy hey hy hy hy hy ig hag i ig hg hog hg hep ph hg by a oe 4 

oct. 1929 REMIXED WITH NO OIL ADDED, SEAL, 0.39GAL. MIXED WITH NO OIL ADDED. SEAL, 0.41 GAL| 1. 
i {85-100 C.B. COVER, 40 LBS. PEA GRAVEL 85-100C B. COVER, 40LBS.PEA GRAVEL be 

APR. 1930 | 

7, “| 
MAY 1931 0.31 GAL, 85-100 C.8. 35LBS. PEA GRAVEL 4 

Meee ret tt ‘ Fe eee OE eS Pa BET Sy FAY PD PA PO 

MAY 1932 | 

MAY 19331 0.65GAL. 85-100 CB. 60LBS. 3-7 STONE 4 
‘ “ DL SD 7 TT I TP —— pawes Gin seen seen ; ; eh | 

JUNE 1934 062GAL. 85-100 C.B.45 LBS. PEA GRAVEL AND 5 LBS. SAND 4 
eS ewe ee. : SESS Dire : GS PTC IV Bes 

EXPERIMENT=2 SECTION -C EXPERIMENT-2 SECTION-D 

CONSTRUCTION CONSTRUCTION ‘ 
STA. 205 210 ; 215 220 22! 7 225 230 235 

1 

MIXED BASE 2-INCH,USING 2.16 GALLONS 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 2-INCH,USING 2.20 GALLONS 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

PRIME 

SEAL 0.40GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 0.40 GALLON 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

20 POUNDS SAND 20 POUNDS SAND 

RE-TREATMENTS RE-TREATMENTS a Salt 

JULY 1927 
| 

y ES SL A ER I OT LE BO Lae 6 a Ga A CLA fA fide atl a fa TIT TTT TA TIT TT TT TTT ALT Tt ee A te 7= + Fe A a or IIT ITF a ee aca 5. 

DEC. 1927 0.25 GAL. 85-100 C.B. 20LBS. SAND 0.29 GAL. 100-120 C B SAND ‘ 4 
: , nl se ; EP et PW Sap Gf REO IP ya Z steer eitrees 

DEC. 1928 REMIXED WITHI.50GALS. 85-100 C.B. SEAL, 0.39 GAL. 85-100CB. REMIXED WITH 1.50GALS. 85-100C.B. SEAL, 0.39GAL | 
COVER, 40L8S. SAND b 85-100 C.B. COVER; 40LBS. SAND | 

‘ ep ig Spi ig a ha ig a a a a Sa ha hap ig hh Lap b hig br highly oh by yh hte s hi hh ig hip hr fp big f 7 7 ITI T TTY 7 
OCT. 1929 REMIXED WITH NO OIL ADDED. SEAL, 0.39 GAL. 85-100 C.B. PREMIXEDNO OIL ADDED. SEAL, 036GAL 0.33 GAL. 100-120 C.B. 4 

2 COVER, S5OLBS. !;"-4 STONE 00-120 CB. COVER,SOLBS. I5'~ Z STONE 4 : 30LBS #-F STONE 3 
oe ee 4 aw ae) Ltttit ff 6 ££ peste + — 2 yA Ft. LL. nehnl 0 Fk an ES a ee ea ee 

REMIXED NO OIL ADDED SEAL, 0.34GAL. 100-120 C.B. 
APR. 1930 COVER. 30LBS #-#'STONE 

MAY 193! 
L Sr or Se 6 fs ae pos - are FREE > an aaa ama 

MAY 1932 0.39 GAL. 150-200 C.B. 35LBS. #-FSTONE 4 0.39 GAL. 150-200C B.35LBS.7-% STONE | 
7 ae ey es LLL a é v4 allah 421i fis _ va oo ae ay a ae tae ay a ey i Se Sin ie 7 A SE va (ST ME LIE AF ES ID A 

MAY 1933 | 

p 
“ 4 | ARTA RA ag TA SSAA AT I ial PE FE SE OE ae a AAS a TT 7 FIT TTAT TT IV ATTA 

JUNE 1934 0.49 GAL. 85-100 C.B, 45 LBS. ;-GSTONE 0.49 GAL,85-100 CB. 45LBS z-4 STONE 4 
SEY I Na? 7 7 i SY Da ne a ed ie EW BY 2 WY OY WY OP OD DY NY Sd oO SOP MPS) Sa A 2 YN Ne WT RY Seen ate reer ay ray CaP Om Sr LADLE oe ra - a4 — 24 

EXPERIMENT-2 SECTION-E EXPERIMENT-2 SECTION-F 

CONSTRUCTION CONSTRUCTION 

STA, 235 245 255 265 275 285 295 
41 } 

MIXED BASE 2-INCH,USING 2.37 GALLONS 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 2-INCH, USING 1.95 GALLONS 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHT HA 

O044GALLON 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

20 POUNDS PEA GRAVEL 

RE-TREATMENTS 

0.48GALLON 100-120 PENETRATION ASPHALT CUT BACK WITH NAPHTHA | 

45 POUNDS I7- 7 STONE 

RE-TREATMENTS 

ee 

J a 
cz 

Figure 1.—Cuarr SHowina ConstTRUCTION AND CHARACTER OF RE-TREATMENTS APPLIED TO EXPERIMENTAL SEcTIONS 1 TO 2-F, 

INCLUSIVE. 

Tiamat CREE PEL Cre ea ee a ee 7 va 777 
“oH b 

0.29 GAL. 100-120 C.B. 5OLBS. ly-% STONE ¥ 0.29 GAL. 100-120 C.B.PEA GRAVEL 4 
E : a ay yay DP PS | 

0.26GAL.100-120CB. 
40 LBS.PEA GRAVEL 

L 
OY NE aE cosh a ee eee 

0.33 GAL.85-100 C8.ON LEFT SIDE. 0.33GAL.150-180 C.B. ON RIGHT SIDE, 40LBS. z “4 % STONE 
7 a Sa SY a Le 

0.39 GAL. 150-200 C.B. 35 LBS. 3 
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EXPERIMENT-2 SECTION-G 

CONSTRUCTION 

307 STA.295 301 

2-INCH,USING 2.20 GALLONS 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

313 

MIXED BASE 

EXPERIMENT-2 SECTION-H 

CONSTRUCTION 

317 32! 325 329 333 

2-INCH,USING 2.78 GALLONS 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

0.50 GALLON 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 0.33 GALLON 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

45 POUNDS Ix ~% STONE 

RE-TREATMENTS 

JULY 1927 

Y (a a a a A a 

DEC 1927 REMIXED, ADDING 1.00 GAL.150-180 C.B. SEAL, 0.35GAL. 150-180 C.B. 30LBS. REMIXED, ADDING 1.00GAL. 150-180 C.B. 

20 POUNDS PEA GRAVEL 

RE-TREATMENTS 

SEAL,0.20 GAL. 150 -180C.B. 20LBS. PEA GRAVEL.~ 

0.26 GAL. 150 -180 CB. 20LBS. Lf STONE 

(eee lh ahh hha aol va lalla Lanham ~. 

DEC 1928 | 

oct 1929 | 

apr. 1930] 
} Nees I aaa rr 

MAY 1931 /0.33GAL.85-100C.B.ON LEFT SIDE 0.33GAL 150-180C.B.ON RIGHT SIDE 40L@S 3 3 — 4 STONE 
b 

CA A A LOL 0 Sa I AE I 6 a bf J 

0.35 GAL. 1S0-200CB. 45LBS 

irs oF . 

eee | 0.47GAL. 85-100C 8. 40LBS. 3 - 4 STONE 

E JUNE 1934 

EXPERIMENT-2 SECTION I EXPERIMENT 3 
CONSTRUCTION CONSTRUCTION 

36 37 380 STA 333 337 34! 345 350 Co) () 3c 390 400 

MIXED BASE 2-INCH, USING 2.00 GALLONS 150-180 PENETRATION ASPHALT CLT BACK WITH NAPHTHA 2-INCH, USING 1.60 GALLONS SLOW-CURING OIL A 

PRIME | SURFACE ENRICHMENT — 0.65 GALLONS SLOW-CURING OIL A 

SEAL 0.40 GALLON 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA | 

cover | 20POUNDS SAND i TREATED SOILS 

RE- TREAT MENTS RE-TREATMENTS 
= 

JULY 1927 
IIIT - “ 7 A tf F TIVIT I TTT 

DEC 1927 y REMIXED, ADDING 1.00 GAL. [50-180 C.B. SEAL, 0.20 GAL 150-180 C.B. 20LBS. SAND 

DEC 1928 0.26GAL j50-180C.B. 20LBS. z == * STONE REMIXED WITH 1.42GALS.SLOW-CURING OIL A REMIXED WITH 2.05 GALS SLOW-CURING OIL A 
. ae Pa vas VBP ad tat ot oe A £ 4 

oct, 1929 | 
rrr ee Ta ee re 

APR. 1930 [ 0.36 GAL 150-200¢.8. 45LBS. $- 4 STONE 
: : = , is eS IRS 

MAY 1931 i 

MAY 1932 

i > 7 pre ? TTT? eae FIT TATE Sa a a a a a a a a ae A a A a a a tae a se a fa 

MAY 1933 0.47GAL 85-100C 8. 40L8S 2 - Z STONE REMIXED WITH 0.49 GAL. SLOW-CURING OIL A 
5 - 3 MeL: s : z 

| 
JUNE 1934 

EXPERIMENT-4 SECTION-A EXPERIMENT-4 SECTION -B 

CONSTRUCTION CONSTRUCTION 
STA. 400 4lo 420 426 430 440 450 452 

——————— ES 4 

MIXED BASE 3-INCH, USING 3,01 GALLONS SLOW-CURING OIL B 3-INCH, USING 2,50 GALLONS SLOW-CURING OIL C 1 

PRIME | NONE NONE 

SEAL NONE NONE 

| Cover NONE NONE 

RE-TREATMENTS RE-TREATMENTS an 

JULY 1927 

DEC. 1927 

One WAP F REMIXED WITH 1.08 GALS | REMIXED WITH 0.54 GAL. 
| ; SLOW- CURING OIL A P , SLOW-CURING OIL_A : i 

oct i929] 
r ae 

APR 1930 REMIXED WITH 0.83 GAL. SLOW-CURING OIL C 
BOs poe V9 sr PII ey aE ar Is I ey POI LI 

MAY 1931 

H f 

MAY 1932 

t ee ee 
Macminas { “REMIXED WITH 1.07GALS. REMIXED WITH 1.07 GALS | ”"RESURFACED WITH 3f° SAND REMIXED WITH 1.07 GALS. 

_SLOW- CURING OIL A SLOW-CURING OIL A _AND,2.72 GALS, SLOW- CURING. ¢ OL A SLOW-CURING OIL A_ ee fetes teehee gees Pee ke Hla ith Le: Mra) as a Ene A Nabe 
REMIXED WITH 32 SAND REMIXED WITH 1.07 GALS. N 4 % 

| PONENOe 2.72 GALS. SLOW-CURING OIL A =) SLOW-CURING OIL A 

EXPERIMENT-4 SECTION-C 

CONSTRUCTION 

STA. 452 477 

asa ea 
460 470 
—t 1 

MIXED BASE 3-INCH, USING 3.02 GALLONS SLOW-CURING OIL O 

EXPERIMENT-S SECTION-A 

CONSTRUCTION 

490 495 
i 

2-INCH,USING 2,40 GALLONS 85-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

25° hs 500 503 

RE-TREATMENTS 

JULY 1927 

DEC. 1927 

REMIXED WITH 0.87GAL.SLOW-CURING OIL D 

NONE SURFACE ENRICHMENT ~ 0.42 GALLON SLOW-CURING OIL E 
+ 

NONE 

NONE TREATED TOPSOIL 

RE- TREATMENTS 

7 a . 
REMIXED WITH 125 GALS. 85-100C. B. SEAL,0.38GAL. 8S 100C B SOLBS IZ = 

REMIXED WITH NO OIL ADDED. SEAL, 0.38GAL. 85-100C.B, 5O0LBS 

Ag Z STONE 

“dtl a STONE 

REMIXED WITH 1.07GALS, 

SLOW-CURING OIL A 

RESURFACED WITH 32 SAND 
AND 2.72 GALS. SLOW-CURING OIL A 

Fiaurp 2.—CuHarT SHOWING CONSTRUCTION AND CHARACTER OF RE-TREATMENTS APPLIED TO HXPERIMENTAL SECTIONS 2—G TO 
5-A, INCLUSIVE. 
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EXPERIMENT-5 SECTION-B EXPERIMENT-5 SECTION-C 

CONSTRUCTION CONSTRUCTION 
STA. 503 512 521 530 540 550 556 

2-INCH, USING 2.20 GALLONS 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 1 3-INCH, USING 2.90 GALLONS 65-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 
PRIME SURFACE ENRICHMENT-0.40 GALLON 150-180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA | [SURFACE ENRICHMENT- 0.42 GALLON 150 -180 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 

TREATED TOPSOIL TREATED TOPSOIL 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 
4 

1927 DEC, 

DEC. 1928 

ocT. 1929 

APR, 1930 

MAY 1931 

MAY 1932 

7 a cn nn ccc a A a AE ak, A a a 

MAY 123} 0.46 GAL, 85-100 C.B. 40 LBS. % -% STONE 0.46 GAL. 85-100 C.B. 40LBS.7°-+ STONE 
ea IIT RE wa DN yi DTP rer ee W 

JUNE 1934 

EXPERIMENT-5 SECTION-D EXPERIMENT-6 SECTION-A 
CONSTRUCTION CONSTRUCTION 

STA. 556 560 570 580 582 590 690 610, 

MIXED BASE 3-INCH, USING 3.01 GALLONS 85-|00 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 2-INCH,USING 2.72 GALLONS 18-25 SPECIFIC VISCOSITY TAR 

PRIME SURFACE ENRICHMENT~ 0.42 GALLON SLOW CURING OIL E i SURFACE ENRICHMENT — 0.27 GALLON 18-25 SPECIFIC VISCOSITY TAR 

SEAL 

COVER TREATED TOPSOIL TREATED TOPSOIL 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 

DEC. 1927 
L 

DEC. 1928 
77 77 i ony 77a fa 77 Ci I ET eae CGT dat ar on ao ET se Aa AST ee y 

OcT 1929 0.39 GAL. 85-100 C.B. 40 LBS. #-F STONE 
a a Ee Anchen —— Ltd. 

APR. 1930 
——— a Ee — 
MAY 1931 0.36 GAL. 35-50 SP. VIS. TAR 37LBS3-4 STONE Ee SRR, SOE GANG ELEN as | 
MAY 1932 

i Ta a Tl a eae Tad PT TT Si A a SG aE da 7 

-| may 1933 0.46GAL 85-100 C.8. 40 LBS. 2’- 7” STONE 
I I Sa TY I I Sa id a DY IP AY TAY DY PAY BY SPIE Ds PSP OD Da weet 4 

JUNE 1934 
===} 

EXPERIMENT-6 SECTION-B EXPERIMENT-6 SECTION-C 
CONSTRUCTION CONSTRUCTION 

STA. 610 620 630 636 640 660 680 688 
1 a 1 eee — L 

MIXED BASE 3-INCH,USING 3.72 GALLONS 18-25 SPECIFIC VISCOSITY TAR 2-INCH,USING 2.75 GALLONS 18-25 SPECIFIC VISCOSITY TAR 

SURFACE ENRICHMENT — 0.28 GALLON 18-25 SPECIFIC VISCOSITY TAR | 0.26GALLON 18-25 SPECIFIC VISCOSITY TAR 

0.37GALLON 25-35 SPECIFIC VISCOSITY TAR 

TREATED TOPSOIL 60 POUNDS Ix"- ¢ STONE =| 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 
2 ben. 

| Pec 1927 

DEC. 1928 

ocT. 1929 
r 4 

APR. 1930 
, i a m or pe a 

MAY 1931 0.36 GAL. 35-50 SP. VIS, TAR, 37 LBS. }- % STONE 0.36 GAL. 35-50 SP.VIS. TAR, 37L8S.¢-4 STONE ; 
a ore 7 a a a a a a a a a a a a eee ae ee ee 44: - ~ a a a a a oe v2 4 —s as 

MAY 1932 

MAY 1933 

JUNE 1934 

EXPERIMENT-6 SECTION-D EXPERIMENT-6 SECTION-E 
CONSTRUCTION CONSTRUCTION 

STA. 688 690 700 710 720 730 742 750 760 770 780 790 794 
— ——— ——_1—_ 4 at 4 awl: — 4. 

2-INCH,USING 18-25 SPECIFIC VISCOSITY TAR, , GALLONS PER SQUARE YARD AS FOLLOWS: MIXED BA - - ' E SE 2-INCH,USING 2.59 GALLONS 18-25 SPECIFIC VISCOSITY TAR Le ee te d 393 Sion 

PRIME 0.27GALLON 18-25 SPECIFIC VISCOSITY TAR 0.25 GALLON 18-25 SPECIFIC VISCOSITY TAR 

SEAL 0.35GALLON HOT TAR (GRADE 2) 0.32 GALLON HOT TAR (GRADE 2) 

COVER 60POUNDS Iz'- x" STONE 60 POUNDS 14"- 7 STONE 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 
; —— 4 

DEC. 1927 

DEC. 1928 | 

OCT. 1929 

APR, 1930 

MAY 193) 0.36 GAL, 35-50 SP. VIS. TAR, 37 LBS. 2-4 STONE j 0.36 GAL, 35-50 SP. VIS. TAR,37LBS. 2 -x% STONE 
YET BY I PIS Ae IIE LN NOP VEY NS LD BY BY ERIE Wed nd Sa YD a7 YY YN) By Ea YY Fer EDP LD dr Da My 0 Sa Wad a) 0 at 

MAY 1932 
el 

MAY 1933 

JUNE 1934 

Figure 3.—CHaArT SHOWING CONSTRUCTION AND CHARACTER OF RE-TREATMENTS APPLIED TO EXPERIMENTAL SECTIONS 5-B TO 
6-E, INCLUSIVE. 
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EXPERIMENT-7 SECTION-A EXPERIMENT-7 SECTION-B 
CONSTRUCTION CONSTRUCTION 

5 4 46 870 890 910 930 950 STA. 794 800 810 820 830 840 8 r 9 | 

MIXED BASE |__ 2 INCH, ae 85-100 ee ASPHALT CUT BACK WITH pel hh PER SQ YD. 2-INCH, USING 2.65 GALLONS 85-IO0PENETRATION ASPHALT CUT BACK WITH NAPHTHA 
aid =| ; 

0.21 GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 0 20GALLON 85- 100 PENETRATION ASPHALT | CUT BACK WITH NAPHTHA 

T 0.38 GALLON 150-200 PENETRATION ASPHALT, HOT 0.40 GALLON (50- 200PENETRATION ASPHALT, HOT 

60 POUNDS Ig - 4 STONE 60 POUNDS Ix - + STONE 
RE- TREATMENTS RE-TREATMENTS 

JULY 1927 

DEC. 1927 
s Si aes eS aS a = = Sa = = : = : 

} DEC. 1928 
| J ee = : é = 

REMIXED WITH NO OIL ADDED 
cemai=? oe {SEAL 0.27GAL 85-100C 8 30Les. }~ 4 STONE 

, — —— — ~— 

APR. 1930 
=e nee oa 

0.32 GAL, 85-100 CB ars 
A -1 4 — ON Eee 1931 40.85. 2-2! STONE 0.32GAL 85-100C.B. 40L8S. 2-% STONE 

FONT LT PTD COCR APT LOS A TEA EET EP ETA A OT 7 £ 5 eg 
¥ 193 CASAL. fete a ie 0.40 GAL, ,15Q- 200.8. MAY 1932 AL. 150-200C.B. 35LBS.2-% STONE 35 LBS. 3°- & STONE 

YE SS Dye LF PD PS PP I EP PD I : = 2 

[mar 1933 
- cs ie = 4 a =” ae = 

JUNE 1934 
| | Pu cee ss 

EXPERIMENT-7 SECTION-C — XPERIMENT-8 
CONSTRUCTION CONSTRUCTION 

STA, 950 960 970 980 990 (000 1020 1040 1060 1080 1087 
——— ‘i = 4 i eta sl L n wie 

MIXED BASE 2-INCH, USING 2.16 GALLONS 85-100 PENETRATION Tecune CUT BACK WITH NAPHTHA NONE 

PRIME 0.55 GAL 85-100 C 3.—-}+-—_———0.47GaL 8-13 SPECIFIC VISCOSITY TAR 

SEAL 0.50 GALLON 85-100 PENETRATION ASPHALT CUT BACK WITH NAPHTHA 0.38 GALLON 150 -200 PENETRATION ASPHALT, HOT 
osu rer COVER 60 POUNDS, IZ - % STONE 60 POUNDS IZ - 5 STONE 

RE-TREATMENTS RE-TREATMENTS 

JULY 1927 . 
¥ 7 7 ak RE Lar 7 TTT a A a A a ae a a a a a a a es a TT A a a A 

DEC. 1927 0.21 GAL. 85-100 C.B. SAND 
Pater seeds - eb Pies Mes pairs ae 

DEC. 1928 

' REMIXED, NO OIL ADDED. SEAL,0.45 GAL | aro ae oct. 1929 85-100C.8. 45.88 If -£ STONE ——e 0.42GAL. 150-200 C B. 40LBS.2-% STONE 
L FP ee DO PETE AS OS 1 MOOD oO Ia ta Far 

0.56 GAL. 85-|00C.B, 0.87 GAL. 150-200 C.B 
Efi 33.0 45 BS. 2'- + STONE 6OLBS. 4% STONE 

Sop rn ce aS Se! 
a Fae 0,32GAL, 85- 100C.B MAY 1931 0.32 GAL. 85-100C.B. 40LBS. 2-5 STONE 4oces. 2 - ¢ STONE 

7a a a TP Ga ethes 

MAY 1932 

. 
MAY 1933 

JUNE 1934 

Figure 4.—Cuart SHowiInG CONSTRUCTION AND CHARACTER OF RE-TREATMENTS APPLIED TO EXPERIMENTAL Sections 7—A TO 
8, INCLUSIVE. 

TABLE 2.—Analyses of tars used in construction and re-treatment } 

HViethod) Of Useseen sake eee pce ee Bee a 2 Dace Sh tebe PRS ee At, TN fi Construction pede de 

IDO IEMIO OL aw oda aaa he EES ee ey a ae ee ae ee eee ee 1927 1931 

IVinitarl lees ena bl 0 Tilsen MeN en ere wer, oon EE eae Seek tS et ee erties 18-25 viscosity sien 2 Giorno 

Ease fiDbb «px! Segre See See ill 5 acl pe pd eae So se ae a ee 6-A, . en ei Hie Woe P|. co cee | a2 eee 
: . BLIM OSs tec oom oe an Re re ee oe ee ee te 8 pl) Tse |) Meco se 2s | eS ee 

Section and purpose for which used Giivhabe trGoh ied ee mee east ee Wh at eta 6-A; B GD, Bit free. ae 

IEVOaLT ORUITICL =o ane eee ee mR Peer. wahoo acne CO UA ene tae) Se eee ee et ee ee Ree hee WSS ease ee ae Bae, 

Minimum | Maximum | Average 
LER LEN UOL S110. oe ee eee EY oes Ae oases UG eee ena Se Se Bee Pale ee Pie es Se 29828 values values of 6 29753 36043 

Analyses: 
Syotete dil oye deh ak in yepetiley Pay OLS spew, «eee ba Sega Ba pe ue, ee eg ee eed tetas 1. 136 1. 152 1. 165 1. 158 1. 206 1.151 
pee ee eae CHM MENG). 2 ee be ogo ee ee ee eee ne 10.9 19.3 26. 4 Sy ee tts 48.7 

CUGALOS fit tron Cee es ee een eee ee eee ee os eee O12 te ee et se SOCOMCS:. allie eee eee en oem ee me oes he a ose 166i |2oeee oe 
Jeuluuharvevnlpefo Rona C Miley OFS yee = ar Se ee ee ee ee ee ee ee ee percent __ 94. 63 93. 39 95. 76 95. 14 91. 51 96. 08 
TOPCANIGMMAATUOE WNSOLUOLOrs cee ae ene eee ee ee ee eee. percent__ 3. 80 2. 66 4. 85 SE Lp 8.49 3. 69 
HOPS A IMIG ANLO ISO Olas ae eee ee ee a ene ee ee, ee ee percent__ .07 0 . 06 . 02 0 . 23 
SUVS ib eee otek See ee ee eee es eee oe ee lag Se re eae ees percent__ 1. 50 1.50 1.80 1. 67 0 0 
TD alae Io ge 8. T. M. D20-27T (by weight)— : ha Pe ie ee ‘ aH 

Oost oe Bie dere a nate aetna ON Oe Se Se Se eens oe sat ae - percent__ j ; : i 
DVO Pe ee oe Be ee ee a eS ae eee Soe eee ee percent_- 5. 68 6. 10 8. 74 7. 44 3. 35 4,82 
EVER ae SS Ee oe eR ese e eee Ree: eee ee percent-__| ~ 13. 30 10. 10 11.16 10. 64 6.10 10. 54 
STAD EY OO © aM Sa see Bere sg Se ae Bae op el Se a eee as oe percent_-_ 9. 94 7.39 8. 53 7. 86 6. 16 8.91 
RU OSIGIULG ter oon ae ee ee ee ee oR eet Be Se eek percent__ 69. 12 71. 44 73. 63 72. 61 83. 95 75. 20 
SOT POETTS OLA COD LOSLOLULG & aeea ee eee ee Seen Se ee ee ee oe eS (GIES 39. 6 45.8 49.9 47.6 49,5 37. 4 

! Data are not available for the tar of 25-35 viscosity used in surface-treating section 6-C. 
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TaBLE 3.—WMechanical analysis of mineral aggregates used as 
cover material 

ID SOR OUOMIIO a2 2-= san aaa a ee ee 2 2 12, O52. 0 8 

Mreterigia? 2 2-82. Sos 5-2 on es ae eo Pea Sand Granite | Granite 
eravel 

SA DOPSTORY NOL s62e- 5) eee se ve eee 29558 29557 29630 29631 

Retained on— Percent Percent Percent Percent 
en GI SCHOOL ce ee ro So eee — ee |e ere ee ei | Re ee Se 
L-nGh SCrCGiH. eee es cee eee cee ee | See 2 |||. Poem Bs 33 2 
$4-7NCN SCLOOU se. Satea os Sea et ee aN ee 73 35 
16-11 Ch SCLOOM eres Sa ee ae eee ia eee 92 68 
VYeinch screen-=-----.---~---- yet atid Tas (WSUS eres 98 92 
No. 10'sléya.s 3 per Soe See 41 Le nape me se is ak ae 
No. 20 sieve__.____-- Rept So tte ite: 61 20 ee ee eae abe 
INO: 30; SIO V0.5 ee ee oe See ee 70 D2 | eee aE) BN Ae Pe 
INO: 40 SIO VOl ass ee aoe eee eee 81 4S 2S Se Sart See eee 
INO, "50 \SI6VG:.= 4-5 ee ee ee 87 Ds | eae ee | Le ea 
INO. 30 SIGVG4 ee ne ee eee Sed 92 S5ill See ee es eam es 
No. 100 sieve___- EEA be Sie 2 amet Sr 93 88) |bse8 eee eee 
WO: 200 SIGV Anse = Se er ee ee ee 96 O49 sae se eee 

factory, after which the mixture was respread uniformly 
for compaction under traffic. Light blading was con- 
tinued during compaction to obtain a smooth surface. 
Some difficulty was experienced in obtaining uniform 
distribution of traffic during this stage. Fast-moving 
vehicles tended to travel in the center only and slow- 
moving, steel-tired vehicles traveled along the edges 
where the wheels cut into the mixture instead of com- 
pacting it. Barriers first placed in the center of the 
road and then moved transversely at intervals success- 
fully divided traffic into two lanes, causing more uniform 
compaction of each half of the road. 

For the two sections designed for machine mainte- 
nance, this concluded the construction operation except 
for occasional light blading to retain surface smooth- 
ness. The analyses of the sand-clay and the resulting 
bituminous mixtures are given in tables 4 and 5. 

AMOUNTS OF BITUMINOUS MATERIALS NEEDED IN MIXTURES 

WERE ESTIMATED 

The remainder of the experimental sections were 
designed for patrol maintenance and were provided 
with wear-resisting surfaces obtained by two methods. 
One method was to enrich the surface portion of the 
mixed base by a light application of bitumen covered 
immediately with bituminous-treated soil previously 
windrowed to the sides of the road. The other method 
was to surface-treat the mixed base with bitumen and 
aggregate cover. This surface treatment was placed 
after allowing the base a period of time in which to 
become firm and smooth; the actual time varied from 
3 or 4 days to a month. On those sections on which 
the bitumen used in the surface treatment was a cold- 
application, low-viscosity material, the bitumen was 
applied directly upon the smooth, compacted, mixed 
base and covered immediately with the selected mineral 
cover material. Where the binding material was a hot 
application or a fairly viscous cold-application bitumen 
such as the 25-35 viscosity tar, the mixed base was 
given a light prime with the same type of bituminous 
material that was used in the mixed base. 

The mineral cover material was spread by hand 
from piles along the roadside and was hand broomed 
to obtain uniform distribution. Following its applica- 
tion the surfaces were rolled with 5-ton, three-wheel 
rollers. 

After a few days under traffic, the completed sections 
varied in appearance, depending upon the air tempera- 
ture and the materials used. All of the tar sections 

TaBLE 4.—Analysis of road-bed soil used in mixed base construc- 
tion and as the base for surface treatment of experiment 8. All 
are group A—2 or A—8 materials 

Mechanical analysis 

- Stations | Lab- : 
i xperi- repre- ora- | Coarse ine : 

ment no. | sented by | tory | sand | sand eae Clay EE 
sample no. 2.0- | 0.25- 0.005 0.005 

0.25 0.05 a ae mm 
mm | mm 

Pet. TER || Veto || Ee 
{ 7-12 | 2884 17 70 6 7 | Sandier portion of sec- 

1 ye tion. 

| 18 | 2885 14 65 9 12 | Average composition. 
leBeo eee 115 | 3140 29 56 6 9 Do. 
Dal ol Hee 228 | 3143 21 52 8 19 | Clay area. 
D2 P eeee. 290 | 3141 16 75 3 6 | Sandy area. 
VE(CosS 3 Ge 310 | 3142 9 82 2 if Do. 
5-B f 515-520 | 3515 6 86 2 6 Do. 

- --1\ 503-580 | 3517 5 88 2 5 | Average composition. 
5= Cz 8 5380-556 | 3516 4 77 9 10 Do. 
GaAs 682-610 | 3684 5 70 8 12 Do. 
6-B___ 610-636 | 3685 8 67 13 12 Do. 

} 636-688 | 3686 5 66 16 13 Do. 
621 ee 688-742 | 3687 4 75 9 12 Do. 

742-755 | 3676 4 80 8 8 Do. 
| 755-768 | 3677 4 80 6 10 Do. 

Ga tiese aoe 762-767 | 3568 8 70 8 14 Do. 
| 768-781 | 3678 4| 82 61 8 Do. 

781-794 | 3679 4 84 5 iG Do. 
| 794-807 | 3680 Ua 81 5 9 Do. 

7A 807-820 | 3681 5 81 6 8 Do. 
ESSE Sas | 820-833 | 3682 5 78 5 12 Do. 

833-846 | 3683 6 Wel 7 10 Do. 
846-872 | 3567 6 76 4 14 Do. 

7B 872-898 | 3688 4 86 5 5 Do. 
ee 898-924 | 3689 4 85 4 7 Do. 

€24-950 | 3566 8 77 5 10 Do. 
7-0 f 950-975 | 3572 10 71 9 10 Do. 

Senate \ 675-1000} 3573 13 69 6 12 Do. 
1000-1025] 3574 26 58 6 10 Do. 

8 1015-1020} 3575 19 68 6 ‘A Do. 
se Oe Saag a 1025-1050} 3576 36 42 12 10 Do. 

1050-1087| 3577 45 38 alge 6 Do. 

ASVOTAL Cee he ere || eee 11 73 7 9 

bled freely from the start and within a few days gave 
the appearance of having been in service for some time. 
The sections on which hot asphalt was used did not 
bleed so markedly and retained a loose, uncompacted 
appearance for a longer period. One exception was 
tbe first experiment, where less cover stone was used 
and so much bleeding occurred that additional cover 
stone was required to prevent the mat from picking up 
under traffic. The cold-application asphalt, which was 
a cut-back material, readily coated the stone cover 
which took on a dark appearance within a few hours. 

Experiment 8 was a double surface treatment applied 
directly to the untreated soil surface. The roadbed 
soul of this section, like that of the others, varied con- 
siderably in composition and degree of bond. Prior to 
applying the treatment the surface was swept to remove 
excess loose material. Depressions were filled with 
stone before the bitumen was applied. The prime was 
applied and allowed to dry for 4 to 6 days during which 
time traffic was detoured. The hot-application ma- 
terial was then spread, immediately covered with 
crushed stone, and lightly rolled. 

In planning the experiments, the amounts of bitum1- 
nous materials believed necessary were estimated, as 
little information upon which to design the mixtures 
was available at the time. During the initial construc- 
tion it became apparent that the estimated quantities 
were too low and they were increased. The quantity 
used varied with the character of the soil encountered 
in the different sections. In sections 6—E and 7—A, 
however, the amounts used were varied intentionally 
to study the effect of such variation on service behavior. 

No particular difficulty was encountered in the mixing 
operation. All of the bituminous materials were 
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Figure 5.—ExXPERIMENT 7—B at StTaTIon 898 DurInG aND AFTER CONSTRUCTION. A, LoosENED RoApBED PRiIoR TO APPLYING 
BrtuMEN; B, MixEep Base COMPLETED AND READY FOR SURFACE TREATMENT; C, SurFAcE TREATMENT COMPLETED, ROAD 
Reapy FoR Trarric; D, APPEARANCE OF Roap 4 YEARS AFTER CONSTRUCTION AND 6 Montus AFTER THE ONLY SURFACE 
TREATMENT It Has RECEIVED. 

FIGURE 6.—APPEARANCE OF EXPERIMENT 7—B at STATION 898 
SEVEN YEARS AFTER CONSTRUCTION AND 3 YEARS AFTER THE 
ONLY SURFACE TREATMENT It Has RECEIVED. 

warmed to obtain uniform distribution. Mixing was 
carried out promptly to insure thorough and uniform 
coating of all particles before the volatile constituents 
of the bitumen should be dissipated. However, no 
difficulty was experienced in this respect and ample time 
was available for mixing and spreading the mixture, 
even when rainy weather temporarily interrupted the 
mixing operation or made additional manipulation 
necessary for drying the mixture. 

The methods of construction just described are in 
common usage today and need no further explanation. 

Figures 5 and 6, views taken at station 898 on experi- 
ment 7—B, illustrate the appearance of the road during 
its transition from an unimproved to an improved 
structure. 

SURFACE ROUGHNESS CAUSED MAINLY BY UNSTABLE SUBGRADE 

The costs of constructing the various experimental 
sections are given in table 6 together with the annual 
costs, which include re-treatments and maintenance of 
the bituminous mats but do not include any other 
maintenance costs. 

The early behavior of the different experimental sec- 
tions varied considerably as might be expected, but 
without exception, was a decided improvement over 
that of the untreated surface at its best. The dust 
nuisance was eliminated; traffic capacity was increased; 
riding qualities were greatly improved; there had been 
provided an all-weather surface which, with reasonable 
care, was satisfactorily maintained; and if necessary 
the road could have been economically bettered to mest 
increased demands, utilizing to a great extent the 
original investment. 

Almost simultaneously with the completion of the 
sections, a number of failures demonstrated various 
weaknesses. The most outstanding unsatisfactory 
feature was surface roughness which, compared with 
that of the old road, was negligible but compared with 
that of the new surfaces in general, was very pro- 
nounced. While much of the roughness resulted from 
subgrade movement, other causes brought about the 
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Figure 7.—A, FAILURE OF SURFACE TREATMENT ON EXPERI- 
MENT 5—D, WuicuH Was CONSTRUCTED BY ENRICHING THE TOP 
Portion or THE Mixep Mat witH Sitow-Curine On. B, 
APPEARANCE OF EXPERIMENT 5—A SHORTLY AFTER CONSTRUC- 
TION. Irs SurFack, WHicH Was ENricHED WitH SLow- 
CurING O1L, SCALED AND Pot-Hotep. THE Basz, WuHIcH 
Was Poorty DRAINED, BECAME VERY UNSTABLE. 

same result. One of these was surface enrichment of 
the mixed mats designed to carry traffic without 
additional surface treatment or the use of coarse cover 
material. The upper portion of the mat peeled off to 
about the depth of enrichment, resulting in a rough, 
pot-holed surface. This condition, illustrated in figure 
7, was eventually eliminated by a re-treatment in which 
a stone cover was used. 

Another cause of roughness was the instability of the 
mixed base itself due to an improper combination of 
bituminous material and sand-clay. In some cases the 
amount of bituminous material used was apparently 
incorrect for an entire section; in others it was appar- 
ently correct for the major portion of the section but 
unsatisfactory for other portions because of variations 
in the sand-clay within the section. ‘Tables 4, 5, and 
7 indicate the wide variations in grading, not only 
among the sections but within a given section, which 
made it practically impossible to design a uniformly 
satisfactory mixture and would have made it impossible 
to have applied an empirical proportioning formula had 
such a formula been available at the time. 

The bitumen content of the mixed bases, as deter- 
mined by extraction tests, varied considerably. While 
the resulting mixtures are probably lean and might be 
unable to withstand traffic without a protective cover- 
ing, increased stability has probably been obtained 
with the result that there has been less movement of 
the mat than would have occurred had the mixture 
been richer. 

The most important factor contributing to roughness 
during most of the life of the road has been the subgrade, 
which is extremely variable in composition and, in some 
locations, is very poorly drained. Settlement occurred 

ae F # sii i i 

Ficure 8.—Incteient Pot-Hoiine, Wuicw Was CHARACTERIS- 
Tic OF PorTIONS OF EXPERIMENT 4. 

in some areas that had appeared stable prior to con- 
structing the bituminous mats. Investigation disclosed 
that the subgrade in such areas was extremely wet and 
plastic while material less than a foot outside of the 
bituminous mat was firm and relatively dry. The mat 
apparently prevented surface evaporation and permitted 
the subgrade to acquire and retain sufficient moisture 
to destroy its stability. Obviously, the composition 
could not be changed after construction but considerable 
effort has been expended to provide artificial drainage. 
The groundwater level in many cases is so high that the 
maximum benefit derived by the construction of side 
ditches is to provide a relatively shallow depth of 
drained base which, because of its composition, is vari- 
able in load supporting capacity. 

Two other factors contributing to surface roughness 
were ordinary pot-holing and edge failure. The former, 
illustrated in figure 8, appeared in the sections designed 
for machine maintenance and was caused primarily by 
a lack of bituminous material, The latter type of fail- 
ure appeared in varying degrees in most of the sections 
but was more pronounced on those in which fine grained 
or no cover materials were used. On such sections, 
steel-tired vehicles damaged the edges as illustrated in 
figure 9. 

CONSTRUCTION AND RE-TREATMENT OF EACH EXPERIMENTAL 

SECTION DESCRIBED IN DETAIL 

Another unsatisfactory and unsightly condition de- 
veloped—bleeding or flushing of bitumen to the surface. 
This condition, which highway engineers are still striv- 
ing to eliminate, appeared wherever the base became 
softened by an excess of bitumen, moisture, or clay, or 
a combination of these in an amount sufficient to permit 
the cover material to become embedded in the mixed 
bituminous base or in the sand-clay base. Where the 
bases were not thus softened and the cover material 
remained on the surface, bleeding did not occur. 

Samples were taken 7 years after construction from 
areas representing various typical conditions. Analyses 
of subgrades and bituminous mats were made and are 
given in table 7 together with a description of the area 
represented at the time samples were taken. 

Experiment 1, extending from station 0 to station 150, 
had a 2-inch mixed base of sand-clay and cut-back 
asphalt. It was primed with cut-back, sealed with hot 
aspbalt, and covered with crushed stone. 
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This experimental section, which began at the north- 
west city limits of Conway and extended 3 miles north- 
west, was divided into sections A and B, which differed 
only in the cut-back asphalt used in the mixed base 
and prime application. On section A this bituminous 
material was a cut-back of 150 to 180 penetration 
asphalt and on section B a cut-back of 85 to 100 
penetration asphalt was used. 

As shown in table 4, samples of the sand-clay taken 
from various places on the experimental section showed 
considerable variation in composition. Many areas 
were low and poorly drained, as artificial drainage was 
not provided until later. 

This was the first experimental section built and 
almost immediately after construction it was apparent 
that the bitumen content of the base was too low. 
Although surface-treated with hot asphalt and stone, 
the edges soon crumbled and broke badly, necessitat- 
ing an additional treatment for a width of a few feet 
at the edges. Early movement of the mat resulted in 
a rough riding surface which has been, in general, 
characteristic of a considerable portion of this experi- 
mental section. To eliminate some of this roughness 
a 500-foot length at the west end of section B was 
given a re-treatment in July 1927. This treatment 
added to the surface smoothness considerably but shov- 
ing later developed at the extreme west end of the 
section due to unsatisfactory drainage conditions. 

Since construction section A has received four com- 
plete and two partial re-treatments while section B 
was given two complete and two partial re-treatments 
exclusive of the 500-foot length re-treated as a part of 
its original construction. These re-treatments were 
applied primarily to seal cracks which had developed 
and to eliminate surface roughness. 

During this same period considerable effort was made 
to provide drainage by the construction and mainte- 
nance of deep side ditches and by the installation of 
French drains. As a routine maintenance measure, 
badly shoved areas were repaired by removing the 
unstable material below the base, placing stone-filled 
trench drains, refilling with satisfactory base material 
such as cinders or coarse crushed stone, and then 
replacing the bituminous mixtures or using bitumin- 
ous-coated stone. On many areas the result of such 
repair was a smooth surface which continued in good 
condition, but on other portions of the section identical 
repairs had to be made at intervals, especially on the 
low side of curved areas. 

Prior to applying the re-treatment in May 1933, 
considerable effort had been made to remove all rough 
areas caused by subgrade movement. This treatment, 
consisting of 0.65 gallon of 85 to 100 cut-back and 60 
pounds of %- to 4-inch stone per square yard, was the 
heaviest treatment applied and contained sufficient 
materials to produce a mat of appreciable thickness. 
The section at first appeared to have been greatly 
improved by this treatment, but by the following spring 
those areas on which the subgrade had _ previously 
been troublesome again developed excessive roughness, 
shoved considerably, and required much additional 
maintenance. Figure 10 illustrates an excellent as 
well as an unsatisfactory area typical of the section in 
February 1934. 

The slight variation in type of bituminous materials 
used in the mixed bases of sections A and B was at no 
time reflected in their behavior. There was no greater 
variation in behavior between the sections than within 

Figure 9.—StEereLt-TirED VEHICLES WERE ESPECIALLY DE- 
STRUCTIVE TO THE EDGES OF THE SECTIONS OF EXPERIMENTS 
2 AND 5, WuicH Hap Not R&cEIVED ADEQUATE SURFACE 
ieee Arrows InpicatTeE ORIGINAL EDGE OF THE 

AT. 

portions of each section. Construction and average 
annual maintenance costs ot this experiment are shown 
in table 8. 

PERFORMANCE OF EXPERIMENT 2 AFFECTED BY SUBGRADE AND 

DRAINAGE CONDITIONS 

Experiment 2, extending from station 150 to station 
350, had a 2-inch mixed base of sand-clay and cut-back 
asphalt which was sealed with cut-back asphalt and 
covered with crushed stone, gravel, or sand. 

Experiment 2 was divided into three groups of three 
sections each. They were constructed indentically 
except that the cut-back asphalt differed in each group 
and also that in each group one section was covered 
with 1\%- to \%-inch crushed stone; one was covered 
with pea gravel; and one was covered with sand. The 
cut-backs used were made of 85 to 100, 100 to 120, and 
150 to 180 penetration asphalts. 

As in the case of experiment 1, subgrade and drainage 
conditions in this experimental section were exceedingly 
variable. Each section had sandy areas, areas high in 
clay content, poorly drained areas, and areas fairly 
well drained. Sections A, E, F, and G, however, had 
somewhat better natural drainage than the other five 
sections of this experiment. 

Rainy weather encountered during base construction 
necessitated a considerable amount of manipulation for 
drying as well as for mixing the base materials. The 
seal treatment was applied directly to the mixed bases 
after they had been subjected to traffic for periods rang- 
ing from 4 to 30 days. On each section the bituminous 
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Fiaurn 10.—Typican Vimws or SATISFACTORY AND UNSATIS- 
FACTORY PoRTIONS OF EXPERIMENT 1, SEVEN YEARS AFTER 
CONSTRUCTION. ANALYSES OF SUBGRADES FROM ‘THESE 
AREAS ARE GIVEN IN TABLE 7. A, aT Station 145 or Ex- 
PERIMENT 1—-B. B, at Station 638 oF EXPERIMENT 1-A; 
FAILURE CAUSED BY PLASTIC SUBGRADE. 

TABLE 8.—Construction and average annual maintenance costs per 
square yard for experiment 1 

Construction costs 
» Average 

: annual 
Section Bitue Labor mainte- 

Saal Stone and Mnt nance 
ee cover equip- Total cost 

x ¥ ment 

Cents Cents Cents Cents Cents 
Bree aero at oe sen See ee sae 17.16 7. 64 8. 96 33. 76 10. 36 
en ee See Re ee eee! 16. 96 72165 7. 61 32, 22 8. 69 

material used in the seal was the same as that used in 
the mixed base. Crushed granite, 1%- to 44-inch, was 
the cover material for sections A, F, and G; pea gravel 
was used on sections B, E, and H; and a local sand was 
used on sections C, D, and I. 

One month after construction, section H had broken 
up to such an extent that it was necessary to remix it 
with additional bitumen and reseal it. Other sections 
of experiment 2 exhibited various defects which were 
not of sufficient proportion to warrant reconstruction. 

In December 1927 experiment 2 was re-treated with 
the same types of bituminous and cover materials that 
were used in construction except that sand instead of 
stone cover was used on section A. In addition, sec- 
tions G, H, and I were remixed with additional bitu- 
minous material prior to applying the re-treatment. 
Since 1927 the stone-covered sections have received only 
one re-treatment: Section A in 1933; and sections F and 
G in 1931. 

Of the gravel-covered sections (B, E, and H) section 
E continued the most satisfactory, the re-treatments 
having been limited to a treatment of the last 950 feet 
of the section in 1930 and to the entire section in 1932. 
Section H was re-treated in 1928, 1930, and 1933 and in 
each treatment stone cover was used instead of pea 
gravel. Section B, still maintained as a pea-gravel 
covered section, was re-treated in its entirety in 1928, 
1931, and 1934 ‘and approximately half its area was re- 
mixed and re-treated in 1929. 

The sand-covered sections C, D, and I soon became 
rough, pot-holed, and unstable, and their edges raveled 
under steel-tired vehicles. Sand was used as the cover 
material in the re-treatment of the entire experiment 
in 1927 and to cover section C and part of section D, 
after they were remixed in 1928. The recurrence of sur- 
face failures, however, led to the substitution of stone 
as the cover material in the subsequent re-treatments 
applied to sections C and D in 1929, 1932, and 1934 and 
to section I in 1928, 1930, and 1933. 

Figures 9-B and 11-A illustrate the unsatisfactory 
surface conditions that existed on these sections during 
the period when the wearing surfaces were composed of 
sand and cold-application bitumen. They also illus- 
trate the unsatisfactory drainage conditions existing at 
the time the sections were built and during their early 
life. 

With the substitution of stone as the cover material 
and with the construction of side ditches and lateral 
drains, the unsatisfactory behavior was largely elimi- 
nated and the service behavior of the sections became 
comparable to that of the other sections of this 
experiment. 

Construction and maintenance costs of this experi- 
ment per square yard are shown in table 9. 

TaBLe 9.—Construction and average annual maintenance costs 
per square yard for experiment 2 

Construction costs 

Aver- 
age an- 

Section Cover Bitu- Labor, nual 
mi- Cover |supplies main- 
nous | mate- and Total | tenance 
ma- rial equip- costs 
terial ment 

Cents | Cents | Cents | Cents | Cents 
Ae Se Ses Seen: Stone@sss-ces sees sees 23.18 6. 72 §.21 35. 11 4.09 
Bie eee ae seer, Gravele =e ae 21. 83 2. 59 5.75 | 30.17 10. 65 
Cod See ee: Sand: £3. 2%, | See 24. 82 ne0 9.50 | 34.52 15. 00 
LS ee Oe ee eer dol2 ae tae eS 25, 22 22 11. 62 37. 06 10. 64 
leper 2 Ue gabe Gravel 222 27. 26 2. 59 5. 66 35. 51 4.11 
Aes set ee tee Ston@sa2 = ee 5 eee 23.57 6. 72 6.77 | 37.06 4, 23 
pes ae Eee ono GO = eee Sees 26.19 7.45 | 11.82 | 45.46 7. 28 

[i ees Oe Qtavele sorte Oe 30.17 } 1 4.56 9. 89 44.61 10. 41 
[see Pe Sandie. sebaee ae ae 23. 28 18 | 12.25 | 35. 71 9. 09 

1 Includes 2 applications of gravel cover, the first of which was incorporated into the 
mixture when the section was reconstructed 1 month after original construction. 

SURFACE CRACKS DID NOT IMPAIR EXPERIMENT 3 

Experiment 3, extending from station 350 to station 
400, had a 2-inch mixed base of sand-clay and slow- 
curing oil A. Its surface was enriched with oil A and 
covered with bitumen-coated sand-clay. 

This experiment, approximately 1 mile in length, was 
one of the sections in which a slow-curing oil was used 
and was designed for machine maintenance. 

On this experiment the subgrade and drainage were 
somewhat better than on the two preceding experi- 
mental sections, except for a short portion, in the vicin- 
ity of station 365, which Jay in a swampy area. 
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During construction a severe storm interrupted the 
mixing operation and the heavy rainfall washed a con- 
siderable but undetermined amount of oil into the side 
ditches. When mixing had been completed the surface 
did not bond and the quantity of oil, with which it was 
planned to enrich the top portion of the mat by pene- 
tration, was increased to 0.65 gallon per square yard. 
This application was covered with oil-treated sand- 
clay. Except for occasional light blading to retain 
surface smoothness, this completed the construction of 
the section. 

In general, the behavior of experiment 3 during the 
period covered by this report has been good. It has 
been scarified and remixed three times since construc- 
tion. In two of these remixing operations, those of 
1928 and 1933, oil was added, but the remixing in 1929 
was done primarily to eliminate instability which had 
developed in the bituminous mat due to excess moisture. 

The section was similar to a sheet asphalt pavement 
in texture but its color was brown and it had acquired 
a somewhat glazed surface under traffic. The major 
portion of this experiment remained fairly smooth but 
three relatively small areas continued rough and 
spongy as if excessively rich in bitumen. However, 
an unstable base, poor drainage, and the presence of 
water was the cause of instability rather than excessive 
bitumen. Practically all of the experimental section 
was covered with fine hair cracks throughout most of 
its life. Except in the areas more greatly affected by 
moisture, this cracking apparently had not seriously 
affected the behavior of the section. Figure 11—B 
illustrates the most advanced stage of cracking which, 
although unsightly, did not progress to the stage of 
disintegration. 

Although designed for machine maintenance, the 
surface eventually crusted so that dragging for surface 
smoothness was not practical and depressions were 
usually filled with premixed material. High spots 
were easily cut with a blade but the material so re- 
moved was whipped from the surface by traffic rather 
than compacted into the low spots. 

The cost per square yard of constructing this experi- 
ment was as follows: 

Cents 

IBTi MUNG GKOORS Tay WECM toes aes fee ee See Wi, ths 
Waboresuppies, anuivequipmentsa.< 22s 2 soe Cok 5. 26 

FE Cv ear eee eee eae ere Se ee oe 23. 04 

The average annual maintenance cost was 5.19 
cents per square yard. 

In the period subsequent to that covered by this 
report, an unsatisfactory condition developed that 
seriously affected the service record of experiment 3. 
The surface glaze, previously referred to, became very 
pronounced in the intervals during which the surface 
was not disturbed by machining or remixing. The 
glazed surface became very slippery in wet weather 
and so dangerous to traffic that the highway depart- 
ment, in 1935, applied a surface treatment of cut-back 
asphalt and stone. 

ORIGINAL CONSTRUCTION ON”EXPERIMENT 4 BECAME HARD AND 
BRITTLE, REQUIRING RE-TREATMENT 

Experiment 4, extending from station 400 to station 
477, had a 3-inch mixed mat of sand-clay and slow- 
curing oils, B, C, and D. 

Experiment 4 also was designed for machine main- 
tenance and its construction was similar to that of 
experiment 3 except that all of the bitumen applied 

Fieure 11.—InNapEQquatE DRAINAGE CONTRIBUTED TO BASE 
FaILURE ON THESE EXPERIMENTAL Sections. A, Botu 
Base AND SurRFACE FAILED ON EXPERIMENT 2, SEcTIONS C 
AND D. Sanp Was Usrep WITH A Coup-AppuicaTION Ma- 
TERIAL FOR SURFACE TREATMENT, RESULTING IN A RiIcu, 
Puastic Mixture. B, BapLy CrAcKED AREA ON EXPERI- 
MENT 3, CAUSED BY A PLASTIC SUBGRADE. 

was mixed with sand-clay to form the mat. The ex- 
periment was divided into three sections which differed 
only in the kind of oil used. 

Subgrade and drainage conditions were quite variable 
in each of the sections but were somewhat better in 
section C than in sections A and B. Portions of sec- 
tions A and B lay in low, swampy areas where the 
ground water level was very close to the elevation of the 
road surface. The character of the sand-clay was 
exceedingly variable. At some time prior to construc- 
tion of the experimental sections, clay had been used 
where needed to fill holes. Apparently, no attempt 
had been made to mix the clay with the material already 
in the road, consequently the base and the sand-clay in 
the mixed mat ranged from very sandy mixtures to 
mixtures high in clay content. This was especially 
true of the west portion of section B and the east 
portion of section C. 
When the sections had been laid down and compacted 

under traffic, they were similar in appearance to experi- 
ment 3 except that the glaze was more pronounced and, 
in general, they appeared harder and less malleable. 
Material loosened by dragging or light blading did not 
readily rebond but was dissipated by traffic. 

The first remixing was done to section A in 1928. 
The east 600 feet were not remixed, as that portion of 
the section was in excellent condition. The next 1,000- 
foot portion, which had become rutted through the 
swampy area and also was badly pot-holed elsewhere, 
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was scarified and remixed with approximately 1 gallon 
of oil A per square yard. The remaining 1,000-foot 
portion on the west end of the section appeared hard, 
firm, and only slightly pot-holed but had a decided 
tendency to dust under traffic. It was decided to 
experiment by lightly scarifying the top portion of this 
area, and adding about one-half gallon of oil A per 
square yard, which, with a small amount of sand- clay 
brought in from the sides, formed a thin new wearing 
surface for the old mat. The plan was successful as the 
new material bonded readily to the old mat and dusting 
under traffic stopped. 

Sections B and C were first remixed in 1930 with 
approximately 0.8 gallon of oils C and D per square 
yard, respectively, ‘the same oils as were used in the 
original construction. 

All three sections were again treated in 1933. It was 
attempted in this treatment to raise the erade through 
the swamp on section A and to elevate the outside 
edges of two sharp curves on sections B and C. On 
section A the additional sand and oil added to raise 
the grade were mixed with the old mat which had been 
scarified. The curves on sections B and C were ele- 
vated by building a new mat on top of the old one. 
The remaining portions of this experiment were re- 
mixed with additional oil. 

The remixing operations revealed considerable differ- 
ences in the character of the mixture on experiment 3 
as compared with expermment 4. The mat on experi- 
ment 4 broke up readily and required only a small 
amount of harrowing and blading to reduce it to a 
uniformly fine mass which did not appear at all ‘alive’. 
The mat of experiment 3, on the other hand, was malle- 
able and in spite of considerable har rowing and blading 
did not break down into a uniformly divided condition. 
Under the traffic that passed while the work was being 
done the pulverized material on experiment 4 com- 
pacted but did not rebond, while that on experiment 
3 not only compacted but rebonded to such an extent 
that additional manipulation was necessary before the 
oil was added. Upon adding the oil and remixing, 
however, the scarified portions of experiment 4, in 
general, compacted and bonded very much better than 
those areas on which a new mix was built upon the 
old mat. 

On those portions of the experimental section pre- 
viously referred to as containing considerable clay, 
it was noted that within a few days after the mix 
had been relaid small areas in the center of the road 
were cracked and raveling. These spots and the 
surrounding areas were immediately remixed and 
relaid, and within 3 hours under traffic the same 
undesirable features reappeared in the same locations. 
Upon removing the mix a 2-inch layer of wet, sticky 
clay was found between the bituminous mat and the 
sandy base. This layer of clay was removed from 
portions of these areas and the bituminous mix replaced. 
No cracking or raveling reappeared and the small areas 
thus repaired remained in excellent condition. The 
particular locations of these areas of failure, directly 
under the area of concentrated traffic, suggest the 
possibility of movement or flow of clay under the 
vibrating action of traffic. It appeared most practical 
not to attempt to remove all of the heavy clay deposits 
from the base because of the irregularity of their 
location but to make repairs as a maintenance measure 
when and where necessary. 
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The construction and average annual maintenance 
costs for each of the sections of this experiment are 
given in table 10. 

TABLE 10.—Construction and average annual maintenance costs 
per square yard for experiment 4 

Construction costs 
Average 

aan sari 
ection mainte- 

Bituminous a ae Se nance 
material | Plies, and Total costs 

equipment 

Cents Cents Cents Cents 
bak So dh is ae tee ee pen Spt ets Bey a aan 23.78 4 28. 42 5. 62 
8 ee pe pba Ba A ae aay Sm OS ee 19. 75 4. 64 24. 39 6. 84 
(GaSe cb, 9 Beas ce nna Meee eee 23. 86 4. 64 28. 50 7.08 

A slippery surface developed on experiment 4 similar 
to that which developed on experiment 3, and at the 
same time. ‘The same remedial measures were applied 
to both experimental sections at the same time. 

STEEL-TIRED VEHICLES WERE DESTRUCTIVE TO EDGES OF 

EXPERIMENT 5 

Experiment 5, extending from station 477 to station 
582, had 2- and 3-inch mixed bases of sand-clay and 
cut-back asphalt. The surface was enriched with 
slow-curing oil E and cutbacks, and was covered with 
bituminous-treated soil. 

This experiment comprised four sections—A, B, C, 
and D. The mixed bases of sections A and B were 2 
Te thick and those of sections C and D were 3 inches 
thick. 

The bases were mixed with 85 to 100 penetration 
cut-back asphalt, spread and compacted by traffic. 
A small amount of the mixed base was windrowed to 
the sides to be respread after the surface enrichment 
application had been made. ‘The bituminous material 
used for this purpose on sections A and D was the 
slow-curing oil E, similar to that used in experiment 
4, and on sections B and C it was a 150 to 180 pene- 
tration cut-back asphalt. Approximately 0.4 gallon 
per square yard was used on each of the sections. 

The subgrade and drainage of this experiment, while 
varying somewhat, were better than on the preceding 
experimental sections. With the exception of part of 
section A, good natural drainage and fairly stable 
subgrade were characteristic of this experimental sec- 
tion. The exception was approximately the center 
third of section A, which lay in low swampy area very 
difficult to drain. Side ditches were of no great benefit 
as they quickly filled with sand and silt and permitted 
surface water to reach almost to the bituminous mat. 
This condition is illustrated in figure 7-B. About 
1930, however, the entire swampy area was drained 
and the ground-water level lowered so that recently there 
have been no failures directly attributable to unstable 
subgrade. 
The sections immediately after construction resem- 

bled a sheet asphalt pavement, with sections B and C 
appearing more substantial than sections A and D. 
The surfaces of sections A and D scaled and pot holed 
badly, section D more so than A. There appeared to 
be little bond between the enriched surface portion and 
the relatively lean base, as the surface shoved, peeled, 
and pot-holed to the approximate depth of enrichment. 
This type of failure is illustrated in figure 7—A. 

Sections B and C were similar in appearance and 
behavior. While pot-holing and surface roughness 
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were far less pronounced than on sections A and D, 
the edges of the mats did suffer severely under steel- 
tired vehicles that cut through the mix as illustrated in 
figure 9-A. Considerable early maintenance, con- 
sisting of placing new mixture along the edges, was 
required to maintain the original road width. 

Section A developed roughness, pot-holed, and be- 
came unstable due to what was thought to be excessive 
richness. By December 1928 it was in such unsatis- 
factory condition that reconstruction was deemed 
advisable. When the section had been scarified and 
pulverized it was evident that the apparent richness 
was caused primarily by moisture and not by excess 
bitumen. One and one-quarter gallons per square 
yard of 85 to 100 penetration cut-back asphalt were 
added and the section was remixed. After compaction 
under traffic the surface was sealed with 0.38 gallon per 
square yard of the same type of cut back, covered with 
50 pounds per square yard of 1\- to \-inch stone, and 
then rolled. Its condition prior to scarifying and 
re-treating is illustrated in figure 7—B. 

By the fall of 1929 the section had again become 
unstable and extremely rough, and again it was scarified 
and remixed, but without adding bitumen. It was then 
resealed with 0.38 gallon of 85 to 100 penetration cut- 
back asphalt and 50 pounds of 1¥%- to \-inch stone per 
square yard and rolled. About this time a drainage 
ditch, constructed through the swamp, removed the 
water from the surrounding area and, with the side 
ditches then capable of handling surface water, the 
subgrade became stable and has so remained. Except 
for a rather lean surface appearance, the section in 
July 1934 was in better condition than at any previous 
time. 

Section D, which was identical with section A except 
that its bituminous base was 3 inches thick, was re- 
treated in the fall of 1929 to eliminate excessive rough- 
ness and to preserve the mixed base. The treatment 
consisted of applying 0.39 gallon of 85 ie 100 cut-back 
asphalt and a cover of 40 pounds of *- to 44-inch stone 
per square yard. This treatment Beatie benefited the 
section by eliminating most of the roughness and 
scaling of the mat. 

Sections B and C continued in fair condition except 
for the roughness and edge failure already noted. 
Maintenance of these two sections consisted mainly 
of building up the edges and removing depressions, 
using for “this purpose a mixture of sand-clay and 
cut-back asphalt. In May 1933 they were in fair 
condition for the surface treatment that was applied 
to them and to section D. The treatment consisted 
of 0.46 gallon of 85 ie 100 penetration cut-back asphalt 
and 40 pounds of */- to }/-inch stone per square yard. 

The construction ind average annual maintenance 
costs per square yard for this experiment are given in 
table 11. 

TABLE 11.—Construction and average annual maintenance costs 
per square yard for experiment 5 

Construction costs | 
| Average 

' annual 
eo Bitumi- | Labor, sup- mainte- 

nous plies, and Total nance costs 
material | equipment 

Cents Cents Cents Cents 
TNA. SOE es ae Ae Soe ee i ae 26. 60 7.10 33. 70 . 67 
fale 8 os ON ee a eee 25. 22 5.73 30. 95 38. 58 
CR ee ee eee 32. 20 9. 13 41.33 2.57 
W (DE en Ci eg Do ree rea eee 82. 51 8. 54 41.05 4. 51 

2 GALLONS OF TAR PER SQUARE YARD FOUND TO GIVE STABLE 

MIXTURE 

Experiment 6, extending from station 582 to station 
794, had 2- and 3-inch mixed bases of sand- clay and 
tar. ‘The bases were primed with tar, surface-treated 
with hot and cold-application tars, and covered with 
tar-treated sand-clay or with crushed stone. 

This experiment included five sections in which the 
bases were sand-clay mixed with tar of 18 to 25 specific 
viscosity at 40° C. The bases were 2 inches in thick- 
ness except that of section B which was 3 inches. 

Sections A and B were surface-treated by the enrich- 
ment method similar to that employed on experiment 
5, using for this purpose the 18 to 25 viscosity tar and 
treated sand- clay. The surface-treatment of section 
C consisted of an application of tar of 25 to 35 specific 
viscosity at 40° C., applied cold, and a cover of 1%- 
to ¥-inch stone. Sections D and E were surface-treated 
in the same manner except that the bituminous material 
was a hot-application tar. 

Experiment 6 lies entirely in rolling country and has 
good natural drainage except for about 200 feet of 
section B which borders a swampy area. The sub- 
gerade varied considerably in composition, the west 
portion of section A, the east and west ends of section 
B, and the east half of section C appearing to have 
more clay than the remainder of the experimental 
section. This was quite noticeable both in mixing and 
in the appearance of the finished mixture. Sections 
D and E appeared to contain little clay as the untreated 
material pulverized easily before the tar was applied, 
coated readily, and was uniform and free from uncoated 
clay balls when mixing was completed. Sections A, 
B, and C, on the other hand, required more than the 
usual amount of mixing, in spite of which a uniform 
mix was not obtained owing to the presence of many 
uncoated clay balls. 
During the construction of sections A, B, C, and D, 

mixing was interrupted by rain and additional blading 
was necessary to dry the mixture. Under traflic the 
mixture, on those areas that had appeared high in clay 
content, did not compact into a dense uniform mat but 
into stratified layers, the surface being considerably 
marked by irregular vertical cracks. 

Sections A and B, for which surface-enrichment was 
planned, began to dust under traffic before they had 
compacted. An attempt to enrich the surface of sec- 
tion A while in a dusty condition proved unsuccessful, 
so the two sections were remixed and relaid. They 
were then given the surface-enrichment application 
immediately. after initial compaction had been obtained 
and before dusting could start—a period of about 24 
hours. 

The enrichment application, amounting to 0.27 gallon 
per square yard for section A and 0.28 gallon per square 
yard for section B, was lightly covered with tar-treated 
sand-clay which had been previously bladed from the 
mat and windrowed at the sides for this purpose. 

Sections C and D were given a light application of 18 
to 25 viscosity tar after they had been compacted and 
before the surface treatment was applied. 

Section E varied from the other sections of experi- 
ment 6 in that different amounts of tar were used in 
four portions of the base, to determine, if possible, the 
most satisfactory amount of bitumen. The section was 
divided into four equal parts and the amounts of tar 
used originally were 1.77 gallons per square yard for the 
first, 2.18 gallons per square yard for the second, and 
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2.60 gallons per square yard for the third. When these 
three areas had been mixed and compacted they were 
given a prime application of 0.33 gallon of tar per square 
yard. Almost immediately, however, parts 2 and 3 
shoved and rutted badly, apparently because of an 
excess of bitumen. Part 1 appeared lean but remained 
stable during a 2-week period under traffic. Parts 2 and 
3 were remixed and relaid. The behavior of these 3 
parts indicated that about 2.00 gallons per square yard 
should be nearly correct. Application of 2.08 gallons 
per square yard on the fourth part resulted in a mixture 
that was stable under traffic. Parts 2, 3, and 4 were 
primed with one-fourth gallon of 18 to 25 viscosity tar 
per square yard before the hot tar and stone cover were 
applied. 
Within 2 months after construction sections A and B 

had become extremely rough and the excessive cracking 
which had developed gave them a very unsightly 
appearance. A hard, leathery crust formed on the 
surface, making it impossible to blade the surface to 
eliminate the roughness caused by shoving. After a 
considerable period of time the mixture apparently 
developed stability and internal movement decreased, 
but surface smoothness was never obtained to any high 
degree even after the sections were given a surface 
treatment and a stone cover in 1931. 

Section C was considerably more satisfactory in 
behavior than sections A and B, but not nearly as 
satisfactory as sections D and KE. The east end of 
section C required fairly heavy maintenance in its 
early life, partly because of subgrade failure and 
partly because of the unstable mat. ‘This portion of the 
section contained a considerable amount of clay, both 
in the subgrade and in the mixed base. 

Sections D and E were quite satisfactory from the 
start. Their bases were stable and their surfaces were 
smooth and generally free from cracking or raveling. 
Because of its high crown, section E required some- 
what more Paes than section D to remedy edge 
failure. 

In 1931 the entire experimental section was given its 
first re-treatment which consisted of 0.36 gallon per 
square yard of the TC grade 5 tar having a specific 
viscosity of 48.7 at 40° C. “and 37 pounds of %- to 4-inch 
stone per square yard. This treatment considerably 
improved the condition of all of the sections but did not 
eliminate entirely the surface roughness of sections A, 
B, and part of C. 
When inspected in March 1934 all of the sections were 

in need of a re-treatment. Sections A and B were both 
excessively rough, and on section B an appreciable por- 
tion of the base had been replaced by new mixed material 
to obtain stability. 

7 REMAINED IN GOOD CONDITION AND GAVE 

SATISFACTORY SERVICE 

EXPERIMENT 

Sections C, D, and E had lost their uniform appear- 
ance due to whipping off of the cover stone, but with 
the exception of a portion of section C all were fairly 
smooth. 

The construction and average annual maintenance 
costs for experiment 6 are given in table 12. The aver- 
age annual maintenance costs as given might indicate 
equivalent behavior of section C as compared with 
sections D and E; however, at no time in its life was 
section C as satisfactory as the other two. 

Experiment 7, extending from station 794 to station 
1000, had a 2-inch mixed base of sand-clay and cut- 

TABLE 12.—Construction and average annual maintenance costs 
per square yard for experiment 6 

Construction costs 

Average 
annual 

Section Bitumi- sapone mainte- 

nous ma- ee and Total Pea 
terial equip- 

ment 

Cents Cents Cents Cents Cents 
FS ae Se eee ee See ee. oe 38, Sit pees ae ae 10. 52 49. 36 1 
BS See ps A eae oe ere es OL VOr Se as 11. 98 63. 94 4.18 
Ce te eee Sees MUTA, ee ee 43.91 9. 58 9. 80 63. 29 2. 78 
AD es oe ME ee: See eee ye 41.70 9. 65 10. 96 62. 31 2. 59 
Des erse ee: 2 ee eee 37. 54 9. 58 LETTE 59. 89 2. 84 

back asphalt. It was sealed with hot asphalt or cut- 
back and covered with crushed stone. 

This experiment covers three sections in which the 
base was a 2-inch mixture of 85 to 100 penetration cut- 
back asphalt. The surface treatment was a _ hot 
asphalt on sections A and B, and an 85 to 100 penetra- 
tion cut-back asphalt on section C. All three sections 
were covered with 1%- to 4-inch stone. 

The surface and subgrade on this experimental sec- 
tion varied somewhat throughout its 4-mile length but 
appeared to be of sandier composition than most of the 
preceding sections. The sand-clay was broken up 
readily with the blade and the newly exposed, untreated 
base broke up under traffic and also under the construc- 
tion equipment so that the resulting mixed base was 
actually as much as 6 inches thick in the sandiest loca- 
tions. Mixing was easily accomplished and, when 
laid down, the mixture compacted readily into a 
smooth, well-bonded mat that did not dust under 
trafic. A light prime of 85 to 100 penetration cut- 
back was applied to sections A and B but not to section 
C. Sections A and B then received the application of 
hot asphalt and stone cover, and section C received 
an application of the 85 to 100 penetration cutback 
and a stone cover. 

The design of section A of experiment 7 was similar 
to that of section E of experiment 6 in that varying 
quantities of bitumen were used in the base. The 
amounts originally applied were insufficient for the 
east half and excessive on the west half. The section 
was remixed, adding bitumen to the east half and addi- 
tional untreated material to the west half. When the 
mixing was completed the mat compacted and bonded 
readily under traffic and when surface treated it 
appeared to be in excellent condition. 

Considerable roughness developed on a short curved 
area at the east end of section B and on two areas of 
section C. This was caused by a combination of bad 
subgrade conditions and lean base. These areas were 
scarified, remixed, and re-treated in 1929. 

Except for the failure just mentioned, experiment 7 
has remained in good condition and has given excellent 
service. Surface roughness caused by subgrade settle- 
ment gradually developed eventually but no inherent 
weaknesses, that could not be eliminated by surface 
treatment, made their appearance. Only one re-treat- 
ment has been given since construction, and that was 
applied to section A in 1932 and to sections B and C 
in 1931. It consisted of 0.42 gallon of 150 to 200 pen- 
etration cutback and 35 pounds of %- to -inch stone 
per square yard for section A, and 0.32 gallon of 85 
to 100 penetration cutback and 40 pounds of %- to 
¥-inch stone per square yard for sections B and C. 
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The good behavior of this experimental section is 
reflected in its average annual maintenance cost and 
in its condition which, in March 1934, showed it to be 
stable and free from ‘cracking, raveling, or other evi- 
dences of impending failure. Its surface roughness 
could be eliminated by a fairly heavy re-treatment. 

The construction and average annual maintenance 
costs per square yard for experiment 7 are given in 
table 13. 

TABLE 13.—Construction and average annual maintenance costs 
per square yard for experiment 7 

Construction costs 

= Average 

ater: Labor, annual 
ees Bitumi- | Goyer | Supplies, pete 

nous A and Total : 
Raterial material equip- costs 

ment 

Cents Cents Cents Cents ee 
UNE 2 neo oak ao 28. 67 9. 58 7.92 46.17 Sen 
3 eee eS ee 5 30. 84 9. 60 8 20 48. 64 2. 63 
Ce ee ee ee ee een eS 25. 80 9. 58 9. 88 45, 26 3. 68 

SURFACE ON EXPERIMENT 8 WAS VERY SATISFACTORY AND 

ECONOMICAL 

Experiment 8, extending from station 1000 to station 
1087, was a surface treatment of sand-clay with a 
prime of tar or cut-back asphalt. It was sealed with 
hot asphalt and covered with crushed stone. 

This experiment was included in the project for 
comparison with the mixed-base experiments and also 
with similar treatments that were constructed else- 
where in the State upon other types of bases believed 
at that time more suitable for such treatment. 

The sand-clay surface of this experimental section 
was, in general, more stable than that on the other 
sections due to a higher percentage of coarse sand. 
In this respect the west half of the section appeared 
to be more satisfactory than the east half. 

The main difficulty experienced in constructing 
experiment 8 was in the preparation of the surface for 
treatment. The road was scarified and shaped with 
a blade grader to produce a uniform cross-section. 
Compaction was obtained by traffic and only under 
favorable moisture conditions. ‘Three times, each just 
after a rain, the surface was lightly bladed while in a 
moist condition, remoying the blade grader before the 
surface dried appreciably to prevent the accumulation 
of loose material that would not bond when dry. 

After it had been consolidated as well as possible, 
the surface was swept with a rotary broom and by 
hand. After sweeping, it presented a very ragged 
appearance owing to the many depressions found where 
sand pockets had previously existed. These depres- 
sions were filled with stone before applying the prime. 

Approximately 0.3 gallon per square yard of 8 to 13 
viscosity tar was applied as a prime, but many small 
areas were not satisfactorily covered. <A light second 
application of tar, however, successfully covered these 
areas and gave the surface a uniformly well-primed 
appearance. The total amount of tar prime used was 
0.47 gallon per square yard. As the quantity of light 
tar on hand was insufficient for priming the entire 
section, a portion at the east end of the section, stations 
1000 to 1026, was primed with 85 to 100 penetration 
cut-back asphalt at the rate of 0.55 gallon per square 
ard. 

: After an interval of 4 to 6 days during which traffic 
was excluded, the primed base was given an applica- 

tion of 0.38 gallon per square yard of 150 to 200 pene- 
tration asphalt applied at 275° to 315° F. and was 
immediately covered with 60 pounds.per square yard 
of 1%- to ¥-inch stone. Light rolling followed the 
spreading of the stone cover and in this operation con- 
siderable care was required to prevent breaking the mat. 

Rather intensive maintenance was required for the 
first 2 months until the first re-treatment was applied 
in December 1927. In spite a tue however, the cost 
of experiment 8 for the first year, both for maintenance 
and for the seal, was less re the average for the 
remainder of the experimental sections. Since the 
December 1927 treatment, experiment 8 has received 
only one re-treatment. ‘The portion between stations 
1026 and 1087 was re-treated in 1929 and the remainder 
was re-treated in 1931. 

During its life the principal defect of this section has 
been its surface roughness which, while considerable, 
was not as pronounced as that of some of the other 
sections. Roughness was caused by slight subgrade 
movement, not by failure of the surface mat. Some 
cracking has occurred more recently but the surface 
has not raveled or shoved. 

Considering its construction and maintenance costs, 
this experiment has been surprisingly satisfactory and 
economical. The stability developed by the sand-clay 
mixture was greater than had been anticipated, and 
construction of the waterproof surface enable the 
base to retain this stability. The section weathered 
the winter of 1933-34, which was an unusually severe 
one, in excellent shape, in contrast to similar projects 
nearby. On these latter projects clay-gravel bases 
with high clay contents had been constructed on the 
loosely bonded sand-clay surface, and upon these bases 
surface treatments similar to those of experiment 8 had 
been constructed. The repeated cycles of freezing and 
thawing and the effect of moisture on the clay-gravel 
base resulted in extensive cracking and many areas of 
complete disintegration of these surfaces. Surface 
repairs proved inadequate for such failures and the 
only alternative was removal of the clay-gravel base, 
substitution of a pre-mixed, sand-asphalt base, and 
the construction of a new surface. No such repairs 
have been required on experiment 8. Figure 12, taken 
4 years after construction, is typical of the appear ance 
and condition it has retained since construction. 

The cost per square yard of constructing experiment 
8 were as follows: 

Cents 

Bitgumimnousenisa tenia | same ae enna Rg ae ig AE eae x 8. 91 
Coverima terial ie ae ee eee SEL ee Pole 9. 58 
Labor, suppliessandlequipment 222222 52—---2---- 9-2 _ 5. 0, 0 

Aarts. SNe ae Se ol apie, Kee ote ie ae ge 98 
i>} Average annual maintenance cost per square 5 vane eeae ss 3. 54 

RESULTS EMPHASIZED IMPORTANCE OF HAVING A STABLE 

SUBGRADE 

Because of progress made in the field of low-cost 
bituminous construction since this experimental road 
was built, most of the details of construction and many 
of the facts established by this experiment are already 
well known and accepted. However, the great variety 
of factors covered by the experiment and the fact that 
it has been under close observation for 7 years justify 
some discussion of the observations made and the data 
accumulated during this period. 

The discussion is based entirely upon conditions that 
obtained on this experimental road and consequently 
the conclusions drawn are not necessarily applicable to 
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Fiaurp 12.—Vinw or WxprEerRtIMEeNT 8 Taken 4 Yrars AFrrir ConstrRuctTIoN. 
Conpirion Ir Has 

e 

Figure 18.—Poor Drainacr RESULTED IN THE UNSATISFAC- 
TORY CONDITION oF THis AREA OF ExpERIMENT 3 NEAR 
STATION 363. ANALYSES OF Mat anp SuBGRADE FROM THIS 
AREA ARE GIVEN IN TABLE 7. 

other projects where the soils and drainage conditions 
are materially different. Table 4 shows that the soil 
on this road is a fine-grained, sandy material containing 
a large percentage of fine sand and small percentages 
of coarse sand, silt, and clay. It cannot be safely as- 
sumed that with other fine-grained soil materials as, for 

TYPICAL OF THE APPEARANCE AND AR Teaee IS: 
RETAINED SINCE CONSTRUCTION. 

example, soils of high silt content but deficient in sand, 
the same results would be obtained in bituminous 
construction of the character described in this report. 

The general belief that the service behavior of any 
flexible pavement is, to a great degree, dependent upon 
the character of its supporting subgrade is further con- 
firmed by results obtained on this experimental road. 
The analyses given in table 7 show the subgrade to have 
properties characteristic of the A-2, A-3, A-4, and A-6 
soil groups. Satisfactory and unsatisfactory surface 
conditions were found on both A—2 and A-6 subgrades 
and in most instances these conditions were associated 
with the drainage provided. An examination of the 
properties of experiment 3, given in table 7, illustrates 
quite clearly the effect of drainage. Only one area, 
that in the vicinity of station 365, continued unsatisfac- 
tory for much of the 7-year period, and this area, which 
was in a slight cut, was poorly drained. Its usual con- 
dition, illustrated in figure 13, is in marked contrast to 
the generally good condition of most of the experiment 
of which figures 14 and 15 are typical illustrations. Ap- 
parently neither the thickness of the bituminous mat 
nor its inherent stability offset the detrimental effect 
of poor drainage of its plastic subgrade. 

Experiment 8, a thin, surface-treated section on a 
well-drained, plastic, A—2 soil, was considerably better 
than the poorly drained sections of experiments 3 and 
4—B, although on the latter the bituminous mats were 
2 inches and 3 inches thick originally. 

The lack of uniformity in the character of the sub- 
gerade materials typified by the presence of A—6 soil im- 
mediately under the bituminous mat at stations 63 and 
440, as well as in a more normally expected position at 
station 145 as shown in table 7, indicates in a measure 
the character of the maintenance presumably given the 
old road. Little information is available concerning 
previous maintenance. Apparently clay was used to 
stabilize the more sandy portions of the road and sandy 
materials were used on those areas where clay pre- 
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Figure 14.—GENERAL VIEW OF EXPERIMENT 8 aT STATION 353, SHOWING THE Usuat Conpirion or Most or Tuis ExpERIMENTAL 
SECTION. 

dominated. Manipulation of the clay and sand to ob- 
tain a uniform surfacing material evidently had not 
been done. 

Two comparisons for which information was desired 
were obscured by the effect of variations in subgrade. 
They were the effect of the consistency of the asphaltic 
cement used in the cut-back materials and the effect of 
the depth of the mixed bases and surfaces. Experi- 
ment 2 included sections in which the only variable in 
construction methods and materials was the penetration 
of the asphalt used in the cutback, but at no time dur- 
ing the period covered by this study did this difference 
in penetration have any apparent effect on the sections. 
Experiment 5 was designed to study the relative merits 
of 2- and 3-inch bases but here, too, the subgrade effec- 
tively prevented a true comparison. 

On the other hand, the condition of the subgrade did 
provide one opportunity for a comparison that would 
not have been possible had it been either uniformly good 
or bad. This was a comparison of the service behavior 
of the slow-curing oils used in experiments 3 and 4. The 
construction and maintenance of these two experimental 
sections have been approximately the same, the only 
differences being the oils used and the fact that the mat 
on experiment 3 was 2 inches thick while that on experi- 
ment 4 was 3 inches. This fact, however, is believed to 
have had little bearing upon the performance of these 
sections. It seemed apparent that the difference in 
service behavior of the two sections was primarily 
caused by the characteristics of the oils. 

MIXTURE RETAINED HALF OF ITS ORIGINAL VOLATILE MATTER 

7 YEARS AFTER CONSTRUCTION 

The three types of bituminous materials used in the 
mixed bases were cold-application materials. of rela- 
tively low viscosity. The slow-curing oils were not 

ANALYSES OF BITUMINOUS Mat AND OF SUBGRADE ARE GIVEN IN TABLE 7. 

Ficure 15.—ILLUSTRATION OF THE CLOSED TEXTURE CHARAC- 
TERISTIC OF Most oF EXPERIMENT 3. ANALYSES OF MAT AND 
OF UNDERLYING SUBGRADE AT STATION 353 ARE GIVEN IN 
TABLE 7. 

expected to harden greatly or increase in cementitious- 
ness in service. The cut-back asphalts and the 18 to 
25 viscosity tar, however, contained volatile material 
which was expected to be lost during construction or 
shortly thereafter, leaving a bituminous residue of 
consistency sufficiently high for good binding quality. 
During construction no difficulty was encountered in 
manipulating and spreading the mixtures or in remixing 
some of the cut-back sections after a year or two. 
Neither the tar nor the cutbacks stiffened appreciably 
except on the immediate surface until considerable time 
had elapsed. The actual loss of volatile matter during 
construction was not determined but was apparently 
much less than had been expected. 

A sample, whose analysis is given in table 7 under 
laboratory no. 39362, re epresenting the full depth of the 
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original mixed base containing cut-back asphalt, was 
taken 7 years after construction to determine whether it 
still retained any appreciable amount of volatile matter. 
Upon examination it showed that 18.4 percent of the 
existing bitumen was volatile matter as determined by 
an oven test made on the mixture at 325° F. Since the 
cutback used originally showed a maximum loss of 
33.9 percent at 325° F. in the standard oven test, it is 
indicated that approximately 53 percent of the volatile 
matter was still present after a period of 7 years. It 
seems apparent, therefore, that the loss of volatile 
matter at the surface resulted in the development of a 
viscous material which, in combination with the fine- 
grained aggregate, formed a tight seal that effectively 
prevented the escape of the volatile matter in the binder 
below the surface. Evidently the rate of hardening of 
the cut-back asphalt was more dependent upon the 
manner in which it was used than upon the character of 
its volatile constituent. 

For the conditions existing on this road it is apparent 
that manipulation of the mixture could well have been 
continued over a longer period of time. Had this been 
done, a higher consistency would have been developed 
by the bituminous material with a corresponding lessen- 
ing of the effect of the variation in the grading of the 
mineral aggregate. Later practice has been either to 
continue manipulation to eliminate as much of the 
volatile material as possible without leaving the mixture 
too tacky to spread and compact, or to apply the bitu- 
men in smaller increments and to do considerable 
manipulation after each application. The latter method 
is probably better as it would afford the engineer a 
better opportunity of making a final decision as to the 
correctness of the mixture. 

The penetration of the asphalts used in the cut-backs 
ranged from 85 to 180. The effect of this difference in 
penetration was not apparent either on the relative 
durability of the material or upon the re-treatments 
required. In all cases other factors som overshadowed 
the difference in the cut-back asphalts that their com- 
parative values could not be established. 

The slow-curing oils differed considerably from the 
cut-backs in their characteristics and behavior as a 
binding medium. As shown by the analyses, given in 
table 1, they contained relatively small amounts of 
volatile matter as determined by the standard oven 
test and the residues from this test were fluid. The 
behavior of experiment 3 was considerably different 
than that of experiment 4 due to the characteristics of 
the oils used. The mixture of experiment 3 did not 
develop the brittleness and raveling typical of experi- 
ment 4. Analyses of the oils used in the two experi- 
mental sections likewise showed a considerable differ- 
ence in characteristics. Oil A, which was furnished as 
a straight reduced material, had a low specific gravity 
and high solubility in naphtha. Oils B, C, and D had 
relatively high gravities and low solubilities in naphtha, 
indicating that they were more highly cracked in the 
process of manufacture than was oil A, or that they 
contained greater percentages of cracked material. 

TAR MIXTURES ATTAINED GREATER STABILITY THROUGHOUT 

DEPTH THAN DID CUT-BACK MIXTURES 

In the re-treatment of experiments 3 and 4 in 1928 
and 1933 it was intended to use the same type of oil 
that was used in the construction of experiment 3, but 
analysis of the oil used showed it to have character- 
istics more nearly like those of oils B, C, and D, indi- 
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cating that it, too, was a cracked oil. Analyses of the 
oils used in the re-treatment of sections B and C of 
experiment 4 in 1930 are not available but were sup- 
posed to be the same as those of the oils used in their 
original construction. Considering the characteristics 
of the oils used in the re-treatments of 1928 and 1933, 
it is most likely that the oils used in 1930 were not 
ereatly different from those used originally. The 
difference, if any, was at no time apparent in the be- 
havior of sections A, B, and C. 

Except for crusting of the immediate surface, experi- 
ment 3 continued more malleable throughout its life 
than did experiment 4. The stabilities developed by 
the mixtures in their early life were comparatively low 
and while they increased slowly, that of the mixture 
of experiment 4 increased more rapidly than that of 
experiment 3. The surface of both experimental 
sections was abraded somewhat by traffic and the loos- 
ened material dissipated, but experiment 3, because of its 
higher plasticity, in general, suffered less from mutila- 
tive traffic and, when disturbed, rebonded much better 
than did experiment 4. The latter experimental sec- 
tion, however, appeared to be less affected by moisture. 
On sections A and D of experiment 5, oil KE, which 

was similar in character to oil B, was used for the 
surface enrichment of the mixed base in which a cut- 
back asphalt had been used. In this case the mixed 
base developed a certain degree of hardness while the 
upper portion, enriched with the slow-curing oil, 
remained more plastic. This resulted in considerable 
shoving and displacement of the surface which soon 
became so rough that re-treatment with cut-back 
asphalt and stone cover was necessary to restore a 
satisfactory degree of smoothness. Figure 7—A illus- 
trates the rough condition of section 5—D caused by 
surface enrichment with slow-curing oil. 

On experiment 8 a tar of 8 to 13 specific viscosity and 
a naphtha cut-back asphalt were used for priming the 
sand-clay base prior to surface treatment. Rapid- 
curing material such as cut-back asphalt is seldom 
used for priming purposes and it was used here only 
because of a shortage of tar prime. Little difference in 
behavior of the areas thus primed has been apparent 
so far. The area on which the cut-back was used, 
however, was sandier and more open than the remainder 
of the section, which probably accounts for the pene- 
tration of the cutback. 

The 18 to 25 viscosity tar used in the mixed base of 
experiment 6 and in the surface enrichment of sections 
A and B of that experimental section was comparable 
in some respects to the cut-back asphalts. It was a 
low viscosity, cold-application material containing a 
considerable amount of volatile matter and, upon losing 
this volatile matter, it developed a residue comparable 
with those of the cut-back asphalts in consistency. This 
change in consistency, while somewhat slow, extended 
through the full depth of the base and was not con- 
fined to the surface alone as in the case of the cut-backs. 
As shown in table 7, stability tests made on samples 
taken 7 years after construction show that the stability 
of the mixture 1 and 2 inches below the surface is 
relatively higb in comparison with the top 1-inch of the 
tar mixtures, but in the cut-back asphalt mixtures the 
corresponding stability is substantially less for portions 
of the mixture below the surface than at the top. 

Where the 18 to 25 viscosity tar was used in the 
surface enrichment of sections 6—A and 6—B it readily 
lost sufficient of its volatile matter to produce a hard 
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crust which, however, was relatively thin. This same 
bituminous material within the mixture did not lose 
its volatile constituents so rapidly and as a result the 
base remained relatively plastic. As a consequence, 
considerable shoving and corrugating of the mat and 
cracking of the surface crust occurred. This condition 
continued in gradually decreasing intensity for approxi- 
mately 4 years or, apparently, until the bitumen in the 
base had developed a consistency sufficiently high to 
provide the stability required. When stability had been 
developed as indicated by a cessation of mat movement, 
the sections were given the long-needed surface treat- 
ment which had been delayed for fear of retarding the 
slowly increasing stability. 

BOTH HOT- AND COLD-APPLICATION MATERIALS USED TO SURFACE- 

TREAT MIXED BASES 

The 25 to 35 viscosity tar and the hot tar were used 
as binders in the surface treatment of sections 6—C, D, 
and E to provide information on the relative merits 
of cold- and hot-application materials. At the time 
the 25 to 35 viscosity grade was thought to approach 
the maximum viscosity for cold application and though 
it may be considered to have been reasonably satis- 
factory, later experience has shown that considerably 
higher viscosity materials can be used advantageously. 
It will be recalled that in the re-treatment given ex- 
periment 6 in 1931 a tar of 48.7 viscosity at 40° C. was 
used. No difficulty was encountered in applying this 
material or in road-mixing it with the cover stone. In 
spite of the relatively high viscosity of the tar, approx- 
imately 10 days elapsed before the surface had stiffened 
sufficiently to resist picking up under traffic. This was 
believed due to the low rate of loss of volatile matter. 

Analysis of the 25 to 35 viscosity tar is not available 
but it may be reasonably assumed that, like the 18 to 
25 and the 48.7 viscosity tars used in the base construc- 
tion and in the re-treatment of 1931, it contained some 
volatile matter which when lost would leave a base 
material sufficiently viscous to hold the cover stone. 
The hot material, on the other hand, would be expected 
to lose very little through volatilization, the fluidity 
desired for application purposes being obtained by 
heating. This basic difference between the hot- and 
cold-application binders was reflected in their behavior. 

In surface treatment of the mixed bases both hot- and 
cold-application tars and asphalts were used with 
mineral covers. The hot-application materials, because 
of their high viscosity, did not penetrate into the mixed 
bases but remained on the surface, adequately holding 
the cover material to form a hard mat which received 
the wear of traffic. 

The cold-application materials, on the other hand, 
penetrated into the base in varying amounts depending 
upon their viscosity and the denseness of the base. 
Penetration in any considerable amount resulted in 
softening of the mixed base with consequent reduction 
in its stability. Penetration also permitted the cover 
material to become embedded in the base, forming a 
mastic which received the wear of traffic. When less 
penetration occurred, softening of the base was not so 
pronounced, but the loss of bitumen by penetration as 
well as by evaporation reduced the amount available 
for holding the cover materials, which were thereby 
subject to displacement under traffic. 

Where the mixed mat was well compacted before the 
surface treatment was applied, the cold-application 

materials did not penetrate and were satisfactory. An 
illustration of this is experiment 2—A, which has a 
record of excellent service behavior at relatively low 
cost. 

In addition to the possibility of loss by penetration, 
evaporation losses also reduced the net amount of 
repaeey es correspondingly. Increasing the amount of 
bitumen and modifying the method of applying the 
treatment might have offset these losses and also might 
have prevented penetration in some instances. It 
appears advisable and more practical, however, that 
the surface treatment material used should be of such 
viscosity that it will not penetrate into the base or else 
that the method of applying the treatment be such that 
penetration is reduced to a minimum. 

The amount of bitumen used in the mixes of the 
different sections varied considerably, as shown in table 
5. Some of this variation was planned, as in the case 
of experiments 6—E and 7—A, but in all other sections 
it was the result of the method of construction. 

Formulas for determining the amount of bitumen to 
use with aggregates of a given grading have been de- 
veloped more recently and used satisfactorily by a 
number of States. Such formulas apparently have 
very narrow limits of application since none is used 
widely outside of the State in which it was developed, 
and in most cases where used by other States some 
modification of the formula has been found necessary. 
In addition, the formulas are applied to aggregates 
whose grading is uniform and, regardless of the correct- 
ness of the formula, uniform mixtures should be 
expected. 

IMPOSSIBLE TO DESIGN MIXTURES BY EMPIRICAL FORMULAS 

With the exception of experiments 3, 4, 5, 6-A, and 
6—B, the mixed sections served as bases, ees treated 
with bitumen and mineral cover; consequently, they 
were designed for stability primarily and as a result 
contain less bitumen than they would have if they had 
been intended to serve as wear-resisting surfaces. Com- 
parison of their bitumen content with any empirical 
formula would therefore serve no useful purpose. The 
mixed sections designed to carry traffic without any 
additional wearing surface i offer an opportunity for 
comparison of the percentage of bitumen actually used 
with that required by theoretical formulas and curves, 
although the variation in grading of the aggregate 
and the frequency with which this variation occurred 
would have made the application of an empirical 
formula futile in design. 

On this project, experiments 3 and 4 were of uniform 
meee a throughout their depth, while experiments 

6—A, and 6-B were leaner in the lower portion and 
arieaed in the upper portion but were not covered 
with wear-resisting mineral cover. To present such 
comparison as can be made, the analyses of samples 
taken from the pvon-surface-treated sections are re- 
tabulated in table 14 for convenience. The data given 
in this table indicate that neither an empirical formula 
nor a numerical stability value, which is a variable 
characteristic, should be arbitrarily selected because 
of its successful use under other conditions or with 
bituminous materials of different characteristics. Table 
14 shows that considerable variation in stability is 
found when different bituminous materials are used 
and also that numerical stability value alone does not 
indicate probable service behavior. 
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Tas 14.—Comparison of the kind and quantity of bitumen with stability of bituminous mixtures 

aes ei te ae at ononntotupitumens 

| 

Experi- R i 33) 
eenple ment | Type of bitumen used ecirachs equired by Remarks ? 

| "age Maxi- Mini- | 4 verage | ed from 
mum mum - 8 field Surface- Naresh 

samples area foe 
method 

if 

Pounds | Pounds | Pounds | Percent Percent Percent ‘ : 

39359 | 3 | Slow-curing oil_____ 1, 620 1, 550 1, 585 7. 64 7, 25 5.34 | Good area, stable when sampled; remains so in cool weather. 
Ruts slightly in warm weather but irons out under traffic. 
Stability appears adequate. yY. 

39358 3) oe Sd ones weroece 1, 730 1, 730 1, 730 7. 30 7. 52 5.58 | Poorly drained area in bad condition. Behavior in dry weather 
same as above. : Z P 

39357 Sal Slee G0 ee eee te 2, 910 830 1, 870 10. 14 7. 30 5.51 | From a cracked area affected by moisture. Service behavior 
good. Stability appeared adequate when sampled. 

39356a ABs | ale One ae eee ae 270 40 155 10. 14 UA WE 5.21 | New mixture on old mat; has no resistance to displacement 
except in cool weather. Stability when sampled was inade- 
quate. 

39356b 4-B 016 ee See 3, 050 2, 000 2, 525 10, 25 7. 57 5.67 | Old mat below sample above. Stable except in very hot 
weather. Dusts under traffic. Stability (against shoving) 
adequate when sampled. : 

39355 4-O }--- done Cr ee ae 940 700 820 7. 53 7.16 5. 34 pene behavior same as above. Stability when sampled was 
adequate. 

39354 4-6 Naee CO: 6.2 = Baa ci 1, 160 940 1, 045 11. 35 7.40 5.52 ; Same as above. 
39362 5-C | Cut-back asphalt_____- 5, 400 2, 940 4,170 8.35 9. 15 6.54 | Retains stability irrespective of temperature. Contiuues in 

excellent condition except for edge failure. Stability ade- 
: quate when sampled. : 

39361 6-A | 18-25 viscosity tar---- 5, 575 3, 640 4, 607 7.53 7. 60 5.75 | Stability accompanied by dusting, increased with age. Sur- 
face rough, resulting from early movement. Stability ade- 
quate when sampled. 

39360 6-7 |boeee (6 Coy we Rene a RE 5, 710 4, 525 5, 232 9. 53 6. 90 5.12 | Behavior and condition same as above. 

1 In terms of dry aggregate. 
2 P=0.02a+0.046+0.06c+-0,12d when: 
P=percentage of bitumen. : 
a=percentage of aggregate retained on No. 50 sieve. 
b=percent passing No. 50 and retained on No. 100 sieve. 
c=percent passing No. 100 and retained on No. 200 sieve. 
d=percent passing No. 200 sieve. 

3 Also see table 7. 

It is apparent therefore that experience, excellent 
judgment, and great care on the part of the engineer 
are of utmost importance in the construction of road- 
mixed surfaces under conditions characteristic of this 
road. 

For fine-grained, poorly graded aggregates such as 
were found on this road, the range in bitumen content 
between mixtures sufficiently rich to resist abrasion 
without shoving and those whose richness results in 
shoving is very narrow. Because of this it was prac- 
tically impossible to obtain a satisfactory, stable, 
wear-resisting mat without surface treatment. This 
was tried on experiments 38, 4, 5, 6—-A, and 6—-B and 
was only partially successful. 

On experiment 3, when the mat was rich enough to 
resist abrasion it displaced under traffic, especially in 
warm weather. However, it retained its malleability, 
and such surface irregularities as occurred were readily 
ironed out by traffic. As the viscosity of the oil in- 
creased because of lower air temperatures or by oxida- 
tion caused by weathering, the resistance of the mat to 
slight movements increased and was usually accom- 
panied by dusting. Addition of the same type of oil 
eliminated dusting, but, at the same time, reduced the 
ability of the mat to resist movement. 

The behavior of experiment 4 was similar to that of 
experiment 3, although here greater stability as well 
as increased dusting and raveling were characteristic. 
The two sections of experiment 5, on which the slow- 
curing oil was used, were unsatisfactory without sur- 
face treatment because of their inability to resist dis- 
placement. The other two sections of experiment 5, 
on which a rapid-curing material was used in surface 
enrichment, continued the most stable of the sections 
not surface-treated. The mats were firm and. hard, 
and did not dust appreciably under trafic. They were 
rather rough, however, and their edges suffered from 

mutilative traffic. ‘Sections 6-A and 6—B, which were 
surface enriched but not surface treated, were un- 
satisfactory also. The amount of bitumen required to 
prevent dusting produced a mixture that shoved con- 
siderably and was excessively rough. 

Comparison between the surface-treated bases in 
general with the sections not so treated demonstrates 
the advisability of constructing a rather lean mat of 
adequate stability and upon it constructing a Wear- 
resisting surface. This method of improving the 
loosely bound, sand-clay roads such as were found on 
this road has been used by the State with considerable 
success on a rather extensive mileage. 

MIXING OF RE-TREATMENTS GAVE BEST RESULTS 

With the exception of six sections of experiment 2, all 
sections that were surface-treated were covered with 
crushed granite 14% to % inch in size. The exceptions 
were sections 2—B, 2-E, and 2-H on which pea gravel 
was used, and 2-C, 2—D, and 2-I on which local pit-run 
sand was the cover material. 

One of the pea-gravel sections was resurfaced with 
stone in its earlier life but the necessity for re-treating 
was not caused by any failure of the original cover 
material, and stone was used in the re-treatment merely 
as a matter of convenience. Although the gravel cover 
did crush somewhat under the roller and under traffic, 
no failures directly attributable to its use were apparent. 

The sand-covered sections were re-treated early in 
their life and, while subgrade conditions and unstable 
mixed bases were the main causes for reconstruction and 
re-treatment, the use of sand as a cover also contributed 
greatly to the failure of these sections. The same low- 
viscosity, cold-application material used in the mix- 
tures was used as a seal in combination with the sand 
in surface treatment, with the result that the sand 

OE —— eS | 

ee 
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Figure 16.—STEPs IN THE APPLICATION AND MIXING OF A RE-TREATMENT. 
Nore tHat Some Cover Marteriat Has BEEN SPREAD PRioR TO Ap- 90° To OBTAIN HEAVIER APPLICATION AT THE EDGES. 

PLYING BITUMEN. 
MATERIAL AND BITUMEN IN MIXING THE RE-TREATMENT. 
FROM SURFACE IRREGULARITIES. 
DEPRESSIONS, SO THIS WoRK Is DonzE By Hanp. 

became a part of the mixed base instead of serving as a 
protection against traffic wear. Three types of failure 
developed in these sections; pot-holing, edge failure by 
abrasion under traffic, and excessive roughness caused 
by loss of stability in the mixture due to the increase of 
bitumen. 

Section 2—I was covered with stone 1 year after con- 
struction and sections 2-C and 2—D were similarly 
treated a year later. This treatment eliminated the 
failure not caused by subgrade conditions. 

In the re-treatments following construction, crushed 
eranite, usually three-fourths to one-fourth inch in size, 
was used except on section 2—B on which the gravel 
cover has been retained. 

In applying re-treatments to the various sections, 
effort was made to continue the type of experiment 
unchanged as long as possible, or until it was demon- 
strated that no useful purpose would be served by 
continuing it unchanged and that better service could 
be obtained by changing it. In the early life of the 
experimental sections the re-treatments consisted of 
applying the same type of bituminous material and of 
cover that were used in the original construction. The 
inability to differentiate between the merits of the 
various grades of cut-back and the unsatisfactory results 
obtained from using sand as a cover soon resulted in the 
adoption of a single grade of cut-back and the use of 
stone only as cover material except in the case of 
section 2—B. 

The majority of re-treatments were applied to 
eliminate surface roughness caused primarily by base 

B, SPREADING Cover Material IMMEDIATELY AFTER APPLYING THE BITUMEN. 
D, Mrxine THE RE-TREATMENT. 

BuapeE Picks Up Cover Materia FroM HicH Spots put Cannot ReEmMoveE IT FROM 

C, ManrIpuLATING CovER 
VARIABLE APPEARANCE RESULTS 

and subgrade settlement and by movement of the 
richer mixes, especially during their early life. In 
applying re-treatments the cover materials were spread 
by hand and, in the earlier treatments, they were 
broomed by hand and by dragging to obtain a smooth 
surface. Later, however, as subgrade settlement in- 
creased with a correspondingly greater surface rough- 
ness, the plan of mixing and spreading the bitumen 
and cover used in re-treatment with blades or drags 
was introduced. This method, which was an innoyva- 
tion at least in this part of the country, was very 
satisfactory and the resulting surfaces were smooth, 
but obviously not uniform in depth. Where the exist- 
ing mat was remixed prior to applying the surface re- 
treatment, mixing of the bitumen and aggregate com- 
posing the treatment was not done. Where the exist- 
ing surface was not to be disturbed the blade-mix 
method was always used. 

Some advantages of using the blade-mix method, 
which are not obtained without using it, are the elimina- 
tion of pools of bitumen in low spots, a more uniform 
mixture, little or no loss of cover stone, and a uniform- 
appearing surface on which traffic will travel over the 
full width. Where mixing is not done, considerable 
cover stone is lost by traffic even though the surface 
has been rolled, and traffic tends to travel in a single 
lane. Figure 16 illustrates the method of applying the 
later re-treatments to the sections of this road. ‘This 
method is used almost entirely by the State at the 
present time. The surface appearances of mixed and 
unmixed re-treatments are shown in figures 17 and 18. 
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APPEARANCE OF A MIxED 
RE-TREATMENT. B, APPEARANCE OF A NEWLY RE- 

THat Was Not Mrxep. On Sucu Sur- 
Has A DectpEp TENDENCY TO TRAVEL IN A 

TyPpicaALLy UNIFORM Figure 17.—A, 
SURFACE 
TREATED SURFACE 

FACES ‘TRAFFIC 
SINGLE LANE. 

TYPE OF EXPERIMENT HAD NO DIRECT RELATIONSHIP TO 

MAINTENANCE COST 

Maintenance of the roadway proper consisted of 
such patching and replacements as were necessary and 
the application of re-treatments to the old or recon- 
structed base and surface. This work is included in 
the maintenance costs given herein which do not, how- 
ever, include such work as the construction and main- 
tenance of shoulders, side ditches, or the installation of 
supplementary drainage fixtures. 

With the exception of experiments 3 and 4, the experi- 
ments were not designed for machine maintenance, and 
repairs were made by patching and by re-treatment. 
Experiments 3 and 4 were included to provide a com- 
parison not only of the oils used but also of methods of 
maintenance. The mats of these two experimental 
sections remained relatively malleable in comparison 
with those in which cut-back asphalts and tars were 
used, but because of surface crusting caused by harden- 
ing of the bitumen at the surface they were not suited 
to machine maintenance, contrary to expectations. 
Under favorable conditions the surface could be lightly 
cut for smoothing purposes, though the material thus 
cut from high spots did not bond in the depressed areas 
but was whipped from the surface by traffic. Con- 
tinual blading to maintain smoothness on such surfaces 
could only result in the dissipation of the entire mat. 
The alternative to excessive planing was remixing of the 
entire mat with or without the addition of bitumen. 

Since the period covered by the cooperative study of 
this experimental road, considerable success has been 

attained in lessening the effect of certain unfavorable 
subgrade conditions by building a new sand-cutback- 
asphalt mat over the old surface. The depth of the 
new mat is varied from 3 to 8 inches depending upon the 
condition of the subgrade and old surface. 

Costs of the experimental sections, both for construc- 
tion and for maintenance, are given in table 6. In con- 
sidering these costs it should be remembered that the 
old road had been maintained as a sand-clay project 
whose behavior has already been described and also 
that supplementary drainage had not been provided, 
nor had any grade lines been established. Work of 
this character which has been done since construction, 
such as installing French drains and pipe, and banking 
curves, has necessitated additional patching and the 
use of extra surfacing materials, and as a result has had 
some effect on the cost of maintenance. The shortness 
of the sections and the variety of materials used both in 
construction and early maintenance also added to the 
costs. 

It might be expected that the maintenance cost 
would be about inversely proportional to the construc- 
tion cost. Such, however, was not the case nor did the 
type of experiment bear any direct relationship to the 
maintenance cost. Experiments 1—-B, 7—A, and 7-B 
were identical in construction, differences in cost being 
due primarily to length of haul. The maintenance 
cost of experiment 1—B, however, is 2.7 and 3.3 times 
that of 7—A and 7-B, respectively, and its total cost 
for the period is more than 50 percent greater than these 
two in spite of the fact that they cost approximately 
50 percent more to construct. This difference in 
maintenance cost can be attributed almost entirely to 
the additional maintenance required on experiment 
1-B because of subgrade failure. The low mainte- 
nance cost of experiment 6 cannot be assumed to 
indicate continued satisfactory service for, as stated 
previously, the instability of the mixture on this experi- 
ment made it inadvisable to apply surface treatments 
which should have been applied to eliminate the surface 
roughness that was characteristic of the experiment 
throughout most of the period. 

CONSTRUCTION AND RE-TREATMENT OPERATIONS DID NOT 

INTERFERE WITH TRAFFIC 

Sections A, F, and G of experiment 2 were identical 
except for the consistency of the base asphalt used in 
the cut-back. Sections B, KE, and H, and C, D, and | 
were alike in the same way. The difference in main- 
tenance cost between A, F, and G, represents approxi- 
mately the differences in subgrade conditions, and the 
same applies also to sections B, E, and H. Sections 
D, E, and F were the same except for the cover ma- 
terials which were sand, gravel, and stone, respectively. 
Subgrade conditions appeared about the same on sec- 
tions D and KE and were better than on F, and the 
differences in cost fairly well reflect the differences in 
amount of surface maintenance required. 

Experiment 8, the double surface-treatment con- 
structed on sand-clay, was maintained at a relatively 
low cost in spite of its low construction cost. The 
subgrade soil on this experiment, contrary to early 
expectations, proved quite satisfactory for the type 
of construction used because the drainage was ap- 
parently adequate. 

Another item entering into the cost of maintenance 
but not indicated by the ‘figur es alone was the additional 
work done in superelevating some of the curves, nor is 
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the actual condition of the sections from day to day 
indicated by a study of the cost figures. Some sections 
were decidedly smoother than others, some were rather 
rough most of the time, and some, such as experiments 
3 and 4, continued in a loose condition for some time 
after re-treatment and, even after they had become 
compacted, became soft during hot weather. All such 
points must receive consideration in any attempt to 
evaluate the different sections from the standpoint of 
cost and adequacy. 

The experimental road, at the time of its completion, 
did not connect with or touch any part of an improved 
highway system with all-weather surfaces. The traffic 
carried by the road prior to construction was mostly 
local, a fair proportion of which was horse-drawn 
vehicles carrying from light to relatively heavy loads. 
Some motor vehicles used the road, but few trucks or 
busses. The last traffic count, taken before the ex- 
perimental sections were constructed, showed the road 
to be carrying 486 vehicles daily. One year after con- 
struction it was carrying an average of 559 vehicles - 
daily. 

With the gradual improvement of highways in this 
area other satisfactory travel routes became available 
for both local and through traffic. Despite this fact, 
however, the 1935 count shows a considerable increase 
in traffic since construction of the project. In addition 
it shows the relatively heavy traffic carried during the 
summer months when the stability of the various sec- 
tions is presumably the lowest. Differentiation is also 
made between the traffic carried by the eastern and 
western portions of the road. The eastern portion 
extends from Homewood to Conway, is a part of both 
United States Highways Nos. 501 and 701, and em- 
braces experiment 1 and about half of 2-A. The 
western portion of the road extends from Homewood 
to Gallivants Ferry, and is a part of United States 
Highway No. 501 only. The average daily traffic 
recorded for 1935 is shown in table 15. 

TasuE 15.—Daily average traffic carried by the experimental road 

Daily aver- 
P traffic | Daily aver- Daily aver-| ®8° 

F ee for June, | age traffic, 
Portion represented pee ets July, and | remainder 

August of 1935 
1935 

Number Number Number 
Wonway—H omewood senses e ene eee eee ae 977 1, 087 942 
Homewood-Gallivants Ferry_____..-.---___-- 558 701 5t1 

The fact that the road surface is still in service and is 
in better condition generally than at any previous time 
has demonstrated the practicability of correcting, by 
subsequent maintenance and retreatment, many errors 
made initially in the choice of materials or in the 
methods employed. In effect, the road has been built 
by stage construction, with the maintenance and each 
re-treatment adding something to the permanent 
improvement of the road structure. For this reason, 
therefore, an appreciable part of the accumulated 
maintenance cost might be more properly charged on 
the side of construction. 

Another feature merits special attention. During 
the construction period and also while the re-treatments 
were being applied, traffic was never seriously interfered 
with and was only slightly inconvenienced at the most. 
This fact is of no small importance when the matter of 

FiaurRE 18.—APPEARANCES OF SURFACES OF MrxEep RE-TREAT- 
MENTS. A, AGGREGATE IS %4- TO 4-INCH STONE. B, AGGRE- 
GATE IS PEA GRAVEL. 

detours is considered, especially in localities where the 
topography is such that detours not only are expensive 
to provide and to maintain but may become traffic 
hazards of decided proportions. So far as the experi- 
mental project is concerned, passing traffic not only 
was not detrimental, but during construction served 
the very useful purpose of providing compaction for the 
mixed mats and in so doing made it possible more 
accurately to determine the correctness of their propor- 
tions. 

CONCLUSIONS 

The facts that appear to have been established during 
the period covered by this report may be summarized 
as follows: 

1. The serviceability of the experimental surfaces 
which comprised this project was more greatly affected 
by the character of the subgrade than by the type of 
bituminous surface. 

2. Failures caused by unsatisfactory subgrade con- 
ditions were not eliminated by repairs to the bituminous 
bases and surfaces but by the removal of the unsatis- 
factory subgrade materials or by providing adequate 
drainage. 

3. Provision of a substantial subbase prior to con- 
struction of the bituminous mat will reduce considerably 
the cost of maintenance, which is a continuous cost. 

4. The surface portions of loosely bonded sandy soils 
containing little or no clay were treated with a bitumi- 
nous binding material to form bases satisfactory for 
thin bituminous wearing surfaces. 
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5. For loosely bonded, poorly graded, fine-grained 
aggregates the bituminous material must provide the 
stability lacking in the aggregate. 

6. Manipulation of mixtures containing low-viscosity, 
cut-back materials should be continued until a consider- 
able portion of the volatile matter has been dissipated. 

7. The consistency of the bituminous material used 
in surface treatment exclusive of the priming appli- 
cation should be such that it will not penetrate 
into the base, or the method of applying the treat- 
ment should be such that penetration is reduced to a 
minimum. 

8. Slow-curing oils that retained their fluidity for a 
considerable period of time did not compensate for a 
lack of mechanical stability in the fine aggregate but 
did produce mixtures that remained plastic under traffic 
and that, when remixed, readily rebonded with or with- 
out additional oil. 

9. Slow-curing oils whose fluidity decreased because 
of weathering developed some binding property but 
produced mixtures that became brittle and subject to 
dusting under traffic, and did not rebond without addi- 
tional oil. 

10. With fine-grained, poorly-graded aggregate it was 
difficult to obtain a bituminous mixture that was suffi- 
ciently stable and at the same time would withstand 
abrasion under traffic. 

11. Mixtures of the type used on this road that were 
sufficiently stable to resist shoving proved more satis- 
factory when protected with a wear-resisting surface 
than those that were sufficiently rich to resist traffic 
abrasion without a protective covering. 

12. In re-treatment, a higher degree of smoothness 
was obtained by machine mixing and spreading the 
bitumen and aggregate than by hand spreading and 
brooming alone. 
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